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In his studies of Tertiary floras in the western United States, the paleo- 
botanist has been able in most cases to apply an ecological approach to 
problems of past environment with a reasonable degree of accuracy. 1!2— 
This has been due to the fact that middle and later Tertiary floras, although 
subjected to considerable later Cenozoic segregation, still resemble living 
units of vegetation. Data for paleoecological interpretations of the Mio- 
cene forest which occupied the Columbia Plateau and northern Great 
Basin are assembled from the modern Redwood, Coast and Sierra-Cascade 
forests of the Pacific states, from the hardwood-deciduous and coniferous 
forests of eastern North America and eastern Asia and from the temperate 
highlands of central and southern Mexico. In the case of Miocene floras 
from southern California reconstructions are based on woodland, chaparral, 
desert-scrub and thorn-forest communities now living in southern Califor- 
nia, the southwestern United States and northern Mexico.* A synthesis 
of the environmental conditions suggested by the various elements pro- 
vides a general index to conditions existing at the time a fossil flora was 
deposited. 

But in certain floras, and particularly in those of later Tertiary age, 
there may be mixtures of plants from habitats so widely different that ex- 
planation is difficult. In the Sonoma flora north of San Francisco Bay,® 
for example, members of a humid coast forest, including such species as 
Abies (grandis),{ Rhododendron (californicum), Sequoia (sempervirens), 
Tsuga (heterophylla) and Vaccinium (parviflorum), lived at no great dis- 
tance from such semi-arid plants as Quercus (engelmannti, tomentella, 
douglasii), Platanus (racemosa) and Ilex (brandegaena). A comparable 
mixture occurs also in the Remington Hill flora from the central Sierra 
Nevada,””? where the mesic Sequoia (sempervirens) and Chamaecyparis 
(lawsoniana) are found with Mahonia (haematocarpa) and Ungnadia (spe- 
ciosa), which are now typical of semi-arid and even desert-border habitats 
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in the southwestern United States. And in the Alvord Creek flora of 
southeastern Oregon,'! high montane species of Abies (shastensis), Sorbus 
(californica), Picea (engelmannii) and Pinus (murrayana) lived at no great 
distance from such chaparral species as Ceanothus (cuneatus), Cercocarpus 
(betuloides) and Photinia (arbutifolia), which occur today fully 3000 feet be- 
low the zone where the montane species survive. 

These and similar instances have been explained on the basis of the over- 
lap of the Sierra Madrean element on the mesic northern forest.?:*.9.10.11,22 
It is now known that as the climate became drier and warmer at middle 
latitudes in the late Miocene and early Pliocene, the Sierra Madrean ele- 
ment, to which these species of Ceanothus, Cercocarpus, Ilex, Mahonia, 
Quercus and Ungnadia belong, migrated northward and overlapped the 
northern forest which at this time was restricted largely to compensatory 
sites in areas of low to moderate relief. Another factor which accounts for 
these peculiar assemblages is the fact that Miocene and Pliocene vegetation 
had a generalized composition. The modern coniferous and woodland 
associations in the western United States were derived from the Miocene 
and Pliocene forests by climatic segregation only in the late Cenozoic.*”*® 

It is evident that the occurrence of ecospecies?’* in the fossil record 
might afford still another explanation of some of the peculiar habitats 
apparently occupied by certain fossil species closely related to living plants. 
This concept has been brought to attention mostly by the fact that Miocene 
and Pliocene species closely related to modern endemics of narrow ecological 
limits apparently lived under diverse climates and with widely different 
types of vegetation in middle and later Tertiary times. Two of the more 
notable examples which are provided by Sequoia and Lyonothamnus may 
be briefly reviewed. 

The Tertiary distribution of Sequoia langsdorfit in the northern hemis- 
phere illustrates the diverse conditions under whick certain fossils related 
to modern endemics were able to survive. The coast redwood, S. semper- 
virens, which has generally been considered as most nearly related to S. 
langsdorfii, now lives in the coastal fog elt from southwestern Oregon 
southward for 400 miles into the Santa Lucia Mountains of central Cali- 
fornia. Yet in the Eocene S. langsdorfit has been recorded in Grinnell 
Land at 83° N. latitude, in a region where there are now several months of 
comparative darkness, with such typically boreal types as alder, spruce 
and willow.*4 On the southwestern coast of Alaska the Eocene associates 
of S. langsdorfii included warm-temperate species of palm, cycad, laurel and 
other low-latitude genera, in addition to typically temperate genera.” 
The composition of the forest at middle latitudes in the Miocene depends 
largely on position with respect to the ocean. In the coastal region of 
Oregon it has been recorded with relicts of the Eocene forest which were 
surviving at this time in favorable coastal valleys,!” but at the interior its 
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associates are largely temperate genera. In later Tertiary time, members 
of the Sierra Madrean woodland-chaparral element lived on exposed slopes 
bordering S. langsdorfii; examples are provided by the Sonoma,® Reming- 
ton Hill?? and Idaho floras.?* 

Lyonothamnus, a monotypic member of the Rosaceae which is now lim- 
ited to the Channel Islands off the coast of southern California, has been 
discovered at a number of Miocene and Pliocene localities in California. 
In the Miocene of interior southern California,*.*.* it has been recorded with 
woodland, chaparral and desert-border vegetation whose nearest equiva- 
lents now survive in California, the southwestern United States and north- 
ern Mexico. Also represented in these floras are members of a sub-tropical 
thorn-forest (Bursera, Colubrina, Dodonaea, Euphorbia, Ficus, Pithecolo- 
bium, Randia) which now lives on the west coast of Mexico from central 
Sonora southward. In the Upper Miocene Puente flora of coastal southern 
California, Lyonothamnus is recorded together with members of an oak 
community whose nearest derivatives now occur in Mexico, and with 
relicts of the Eocene (Anona, Magnolia, Ocotea, Sabal) forest which were 
surviving near the coast at this later date. In the Middle Pliocene 
Mulholland flora of the San Francisco Bay region,’ Lyonothamnus lived in 
proximity to members of a border redwood forest (Amelanchier, Arbutus, 
Corylus, Fraxinus, Populus, Prunus), relict members of the East Asian 
and East North American elements (Berchemia, Nyssa, Populus, Quer- 
cus), and trees and shrubs whose nearest equivalents now survive in the 
Rocky Mountains. 

In addition to these examples provided by Lyonothamnus and Sequeza, 
it must be added that fossil species related to such modern endemics as 
Ginkgo biloba, Glyptostrobus pensilis, Picea breweriana and Quercus tomen- 
tella also had fully comparable occurrences during Tertiary time. 

A remarkable example of the diverse habitats occupied by a later Ter- 
tiary non-endemic is the occurrence of Populus pliotremuloides Axelrod. 
The leaves of this aspen are indistinguishable from those produced by the 
living P. tremulotdes in the drier portions of its range in the western United 
States. Where it occurs with montane vegetation in the fossil record its 
interpretation is obvious, for aspen still occurs with upland forests over a 
large part of its range. But in the Miocene and Pliocene of southern Cali- 
fornia,!* aspen has been recorded with desert-border vegetation as well as 
with members of a sub-tropical thorn-forest which now survives on the west 
coast of Mexico in an area where frosts are essentially absent. In the 
Pliocene Oakdale flora of the lower central Sierra Nevada foothills,® it lived 
along streams in a region dominated by oaks whose nearest equivalents are 
Quercus douglasti and Q. wislizentt. And in the Sonoma flora near Santa 
Rosa,’ it is recorded with coast redwood and members of the Coast Forest. 
Significantly, its larger-leafed Miocene counterpart, P. lindgreni, was a 
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regular associate of the Miocene redwood forest in the Columbia Plateau 
and northern Great Basin. This species differs from P. pliotremuloides in 
that its leaves are more nearly like those found on aspen today in mesic 
rather than in semi-arid portions of its distribution." It seems obvious 
that when they are compared with the living P. tremuloides, both P. plio- 
tremuloides and P. lindgreni must be recognized as ecotypes which are no 
longer living, for nowhere in its range today does aspen approach thorn- 
forest, oak woodland or redwood forest. Nevertheless, aspen still is one 
of the most diversely distributed trees in North America today. And in 
this distribution, which extends from Alaska southward into Mexico, and 
from the Pacific to the Atlantic, it grows under widely different conditions. 
It seems highly probable that the living species may also be represented by 
more than one ecotype over this wide area. 

Such occurrences readily illustrate the fact that fossil plants related to 
modern endemics, and other species as well, lived under diverse climates 
and with widely different types of vegetation in Miocene and Pliocene times. 
They lend considerable support to the belief that it is possible for a species 
to cross widely different climatic areas only at a time when its number of 
biotypes and range of tolerance are greatest. And in the cases noted above, 
this seems to have been in the Tertiary. Although there can be no ques- 
tion that many fossil plants closely resemble living species, it would appear 
that some of these which are related to modern endemics probably should 
be considered as ecospecies of considerable ecological plasticity, rather than 
related to species of narrow ecological limits. From this standpoint, such 
relict endemics as Fremontia californica, Ginkgo biloba, Lyonothamnus 
floribundus, Glyptostrobus pensilis, Picea breweriana and Sequoia semper- 
virens would represent survivors of more widely distributed ecospecies of 
greater ecological adaptabilities. It is significant in this connection that 
Stebbins has pointed out that Fremontia, Lyonothamnus and Sequoia are 
polyploids, and that they appear to be remnants of older and formerly 
more widespread species-complexes.”” Obviously not all endemics are 
polyploids, but the relation of polyploidy to the broader aspects of evolu- 
tion is apparent from the following statement by Stebbins”’: 


“* . .the odds are against the polyploid complex as being the originator of any really new 
line of evolution. . . .It can produce endless new species, but these are all or nearly all new 
combinations of the same supply of genic material. . . .There are hundreds of species of 
Rosa, Rubus, Potentilla, Senecio and Poa. . .most of which have arisen by polyploidy. .. . 
With increasing age, the polyploids. . .begin to die out, so that in the last stages of its 
existence a polyploid complex is simple once more, and is a monotypic or ditypic genus 
without any close relatives. .. .” 


Significantly, there is evidence of the existence of species-complexes re- 
lated to modern insular endemics during the middle and later Tertiary. 
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In the case of Lyonothamnus, there are indications that more than one spe- 
cies may have been in existence during Miocene and Pliocene times. Rec- 
ords of L. mohavensis Axelrod from regions where it is associated with 
desert-border vegetation, as in the Tehachapi* and Mint Canyon floras,*® 
are represented by leaves which are about one-half the size of those pro- 
duced by the modern species. On the other hand, specimens from more 
coastal localities, as in the Puente and Mulholland floras,’ are intermediate 
in size with respect to the interior L. mohavensis and the modern insular L. 
floribundus. It is apparent that these small- and intermediate-leafed 
forms may represent members of a polyploid complex which became ex- 
tinct only in the late Cenozoic. This same general relationship has been 
noted also for another insular endemic, Quercus tomentella. Whereitsequiva- 
lent first appears in the record, which is also in the early Miocene of the 
western Mohave region,* the fossil leaves more nearly resemble the smaller 
ones produced by the living species. Yet in coastal Pliocene localities in 
central California,’® they commonly are of intermediate size and often 
resemble the modern in all details. In this instance there is evidence also 
for the gradual elimination of smaller-leafed ecotypes from semi-arid inte- 
rior regions, with an insular survival of a modern endemic having no close 
living relatives. 

It is true that the paleobotanist may not always be able to distinguish 
these forms taxonomically from one another or from living plants, owing to 
the fragmentary nature of the material with which he is dealing. But from 
a distributional and ecological standpoint, the fact that the fossil represen- 
tatives of many endemics bordered climates widely different from those in 
which their nearest relatives live, and were associated with plant com- 
munities now occurring in diverse geographic areas suggests that the con- 
cept of ecospecies may have an important place in interpreting middle and 
later Tertiary floras. It is well known that plants were forced to adjust 
rapidly to new environments in the later Cenozoic. At this time in western 
North America rainfall was being lowered, summer showers were disappear- 
ing, temperature ranges and extremes were increasing and greater topo- 
graphic diversity was resulting from orogenic disturbances. Studies of 
later Tertiary floras during the past decade have served to emphasize the 
dynamic character of late Miocene and Pliocene environments. They 
clearly reveal wide restrictions of ranges of living derivative species, as well 
as climatic segregation of plant communities. And it must be emphasized 
that there are indications also of accompanying changes in physiological 
requirements of species. In certain instances ranges of tolerance appar- 
ently were extended so as to withstand harsher conditions; other plants 
show restriction from arid interior habitats to more moderate coastal and 
insular areas.’ 

In view of these facts, it seems highly probable that many Miocene and 
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Pliocene species related to living endemics may represent extinct ecotypes 
of more widely distributed Tertiary ecospecies. On this basis the modern 
endemics would, in some cases at least, be interpreted as surviving under 
conditions somewhat different from those occupied by their nearest related 
fossils. In other words, fossil representatives of endemics and other spe- 
cies occurring in habitats widely different from those now occupied by their 
closest descendants probably represent ecotypes having no close counter- 
part in the modern flora. The concept of biotype depauperization has 
been discussed largely by botanists concerned with the problem of boreal 
and alpine floras, but it apparently had an even more important réle in 
later Tertiary time, with the rapid development of diversified climate, to- 
pography and vegetation. 

Conclusion.—The Tertiary distribution of the fossil equivalents of mod- 
ern endemic trees and shrubs brought them into contact with diverse types 
of climate, habitat and vegetation. Available evidence suggests that when 
fossil species related to these endemics are recorded in habitats which are 
widely different from those now occupied by their nearest descendants, we 
may be dealing with ecotypes having no close counterparts in the modern 
flora. Late Cenozoic elimination of biotypes apparently has left the mod- 
ern endemics surviving in habitats which may be considerably different 
from those occupied by certain of their close fossil relatives; a similar in- 
terpretation may be applied also to certain other trees and shrubs. 

Since paleoecological interpretations are based on plant communities, 
and not solely on individual species, the recognition of ecotypes in the fos- 
sil record has no effect on the general procedure for reconstruction of past 
environments. On the contrary, their recognition makes it possible to ex- 
plain certain inconsistencies of association which otherwise defy interpreta- 
tion. 


* A contribution to the later Tertiary paleobotany of the western United States which 
was largely completed during tenure as National Research Council Fellow at the U. S. 
National Museum, 1939-1940 and 1940-1941. 

+ Species in parentheses throughout this report represent close living equivalents of 
fossil species. 
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PATTERNS OF GROWTH IN HUMAN INTELLIGENCE 
By GeorcE D. STODDARD 
UNIVERSITY OF IOWA 
Read before the Academy October 13, 1941 


What we seek in the measurement of intelligence is the capacity of any 
person to acquire knowledge, to see relationships and to solve problems. 
The mental tester, whatever his theoretical position, faces the practical 
necessity of measurement in terms of verbal instruction. His test items 
are highly saturated with differential experience and education. 

In the twentieth century, a population is likely to be heterogeneous with 
respect to race, family background and education. The organic differ- 
ences that are present long before birth cannot be isolated by a social de- 
vice. These differences do not stem from a single source, but vary from 
the predominantly innate to the predominantly accidental or learned. 
The growing fabric of intelligence is a product of the organism’s total ex- 
perience. Because of certain combinations of limiting factors, there are 
some things the organism cannot become, but there is nothing that it must 
become. 

In order to distinguish intelligence from achievement, mental tests are 
often said to measure original capacity. But one sure thing about mental 
ability is that it grows; this being true, the word “‘original’’ becomes anoma- 
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lous. One might ask, original at what time in the life history of the 
individual ? 

It is generally held that older persons work with less speed than younger. 
Since many group tests are timed, adults are handicapped. Even if a test 
is not timed, any failure to bring factors and conditions into juxtaposition 
rapidly may reduce performance. Here we enter a no-man’s land with 
respect to the meaning of intelligence. External factors of speed may be 
ruled out of the definition if we so desire, giving every person ample time 
to show his mental power. But the internal factor of speed is another 
matter, for under certain conditions there is a genuine relationship be- 
tween speed and power. Economy in the intellectual process means that 
false leads will be rejected early, that data and methods leading to the 
solution of an abstract problem can be mastered before dimness or stereo- 
typy sets in. To take too long for a solution, is to endanger one’s arrival 
at the goal. 

From a large amount of research over the past two decades, it is clear 
that the intellectual standing of any person from infancy upward will be 
related to the pressures and opportunities in his cultural environment. 
What these effects are, involving what particular mental functions, in 
combination with what genetic factors—all this is a long, complicated 
story which cannot be reviewed here. But it has bearing upon the pattern 
of growth that may be expected in later life. A wide shifting in IQ among 
children, together with a tendency of the IQ to rise in relation to good en- 
vironment and to fall with cultural deterioration, has been established. 
For example, the general tendency of foster children to reach an average or 
above-average status under good social conditions, regardless of the mea- 
sured or imputed quality of the true parents, is no longer a matter of con- 
troversy. In Iowa, year after year, we add to the sampling of several 
hundred illegitimate children from the lowest social levels who, placed 
early in good adoptive homes, reach at the preschool and school ages, a 
level of intelligence well above the mean of the American population. 

The most extensive data in the Thirty-Ninth Yearbook of the National 
Society for the Study of Education yield an estimate of a shift of 20 IQ 
points or more in 16 per cent of grade school children. Such shifts involve 
changes up to 50 IQ points, a maximum capable of carrying a school child 
from brightness to dullness, or vice versa. In research centers from Cali- 
fornia to New York, similar radical shifts in intellectual status have been 
reported. But more germane to our present discussion is this question: 
given two IQ’s differing, let us say by 20 points, which one will be main- 
tained over the years? ; 

At the present time, postulate and minor evidence point to the last ob- 
tained IQ, whatever it may be, as the best estimate of future status. The 
concept of intelligence is analogous to determinations of physical ability 
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or health. If you want to know how fast a sixty-year-old can run or how 
far he can jump, it is better to disregard any records hung up in the days 
of turtle-neck sweaters; if you want a measure of health, it is better to 
subject him now to laboratory, clinical and behavior tests than to recall 
what a strong constitution he was born with, or how his great-grandfather 
survived the rigors of Valley Forge. 

Even this distinguished group of academicians, desirous of getting a 
valid estimate of the quality of its sons and daughters, may well lay aside 
the proud books of lineage or parental achievement in favor of tests of 
mental aptitude, in conjunction with the marks obtained in standard sub- 
ject matter from grade school to graduate college. In principle and in 
fact a set of such measures, however crude, will be more accurate than es- 
timates that cut across the somewhat unbridgeable gap between parent 
and offspring. 

Whatever the exact form of the mental growth curve, its later stages 
are marked by a decline, a decline that dips into senescence if the organism 
survives. But a cessation of mental growth may occur at almost any age. 
No generalized growth curve can describe the pattern for a single indi- 
vidual. Some children (the idiots) grow scarcely at all; as full-grown or- 
ganisms they resemble neither man nor child, but something less than 
either. Other children grow with such relative rapidity that they may be 
designated ‘‘gifted.” This means simply that in standardized mental 
tests they rank in the upper p per cent of a distribution of like-age children. 
In the early days of American testing this point was placed at IQ 140. 
For several decades there was a tendency to designate IQ’s above 140 as 
indicative of genius. Enthusiasm over this has been dampened consider- 
ably by the discovery that such a rating may be reached by the upper 
fourth of all our college graduates. The scientific worker now agrees with 
the man in the street that being a genius was too easy! The tendency now 
is to lay the entrance requirement for genius at 170, but this does not help 
much in view of test inadequacies: ‘Binet testing offers little opportunity 
to show what new solutions or original patterns a child can produce. . . 
[it is] restricted to the simple, the piece-meal, the common, the over- 
learned.”’ 

To characterize the defective or deteriorated thinking of very old per- 
sons as ‘‘childish,’’ is libelous to both child and man: the essential charm 
of the inquisitive child is lost, while the adult reactions thus sampled 
scarcely touch the fine qualities of character, judgment and geniality that 
are independent of recurrent forgetfulness. 

We do get a convergence of child and adult responses in areas that have 
been allowed to lie fallow, as in graphic representation. To quote Pro- 
fessor Norman Cameron (‘‘Functional Immaturity in the Symbolization of 
Scientifically Trained Adults,” J. Psychol., 6, 161-175 (1938)): 
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»... our scientifically-trained adults, when they fall back upon a mode of symboliza- 
tion abandoned in childhood, make use of it with a logical structure that is correspond- 
ingly immature. Such drawing, in the average adult, represents a functionally imma- 
ture form of symbolization coexisting at least potentially with the socially mature 
forms. . . .Entirely apart from emotional distortions and repressions, one finds in the 
symbolization of the mature adult, side-by-side, systems that differ widely in relative 
maturity. This fact alone invalidates assumptions that aim at setting up childhood 


thinking as something entirely distinct from the thought of the adult”’ (p. 172). 


There have been a few attempts to measure abnormal forms of adult 
deterioration. In general, psychotics become slower and stickier in their 
mental reactions. They tend intellectually to get out of focus. They 
regard fragments as reals, rather than as symbolic devices to be directed 
toward the solution of a problem. 

However, vocabulary among both the normal and the mildly abnormal 
tends to remain intact or even to increase with advancing years. The 
oid person has a great fund of symbols and memories, a coral reef of knowl- 
edge to which he can add new layers with relative ease. The child, on the 
other hand, has the painful necessity of starting from scratch; every new 
concept of the tens of thousands that he normally acquires is a minor in- 
tellectual victory. 

New laboratory procedures, Lewinian in type, are available for measur- 
ing that creeping intellective paralysis of old age—rigidity. Rigidity is 
the opposite of plasticity. It is compulsive in character. Having learned 
a certain method of approach, the rigid person is unable to relinquish it 
for another presumably better method. Objects, places, persons, con- 
cepts, conclusions and interpretations take on a special positive valence in 
relation to a time continuum. Rigidity is related to the degree of psy- 
chological differentiation. Few choices and patterns of experience char- 
acterize the young, the immature or the intellectually impoverished. 
Things are black or white, right or wrong, yes or no. The nuances, classi- 
fications and logical networks of the adult mind are taken on gradually. 
In the adult it isa form of deterioration to revert to dichotomous simplicities. 
Its indulgence calls for a substitution of loyalties and emotional responses 
for logical precision. 

With respect to creative work in science, art, music, medicine and _ phi- 
losophy (as shown in the work of H. C. Lehman), the curves chronologically 
are long-drawn out. His major conclusion is that distinguished achieve- 
ment will appear, for the most part, in the third decade. But a secondary 
finding, less often referred to, is the possibility of high achievement in all 
these areas up through the 50’s and 60’s. In one notable Lehman curve, 
depicting the average number of advances in medicine and public hygiene 
which were made during each five-year interval of the contributive line 
(based on 537 individuals and 801 contributions), there were entries for all 
the age intervals up to 90 years! 
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In curves of adult achievement there is found despair or hope, depending 
less on the demands of the objective data than upon the temperament of 
the reader. For some it is encouraging to note the existence of high 
scientific and artistic attainment in the sixth and seventh decades of life. 
What men have done, they may do again in intellectual as in other spheres. 

Now in the 1940’s, in an era that has stretched the period of infancy, 
lengthened man’s labors while adding to his strength, and allowed its 
population curve to bulge in the direction of old age, we may expect the 
science of pediatrics to make room for the twin science of geriatrics. 

Up through adulthood, we need studies of organic changes, particularly 
in the nervous sytem, that may affect or be affected by cultural experi- 
ences. Every word learned and every word lost is not only a mental 
and social phenomenon but an organic change, although no one-to-one re- 
lationship is implied. 

If as full-grown and aging adults, we can through science maintain a 
firmer hold upon physical vigor while actively participating in affairs of 
the intellect, we shall be giving the organism its best chance. While a 
man cannot know from extrapolations of genetics or childhood develop- 
ment just what his limits of mental ability may be, he can learn to fight off 
the temptations to enfeeblement. For adults, as for youth, these debilitat- 
ing forces can be recapitulated as follows: 


1. Bad health conditions (e.g., nutritional, endocrinal or infectious) 
which may retard children and bring adults to a full stop. 

2. The mechanisms of escape, retrospection and rigidity which result 
in partial or complete regression to more primitive intellectual patterns. 

3. A lack of mental exercise—a failure to undertake new abstract learn- 
ing as appropriate to adults as school and college are to the young. 


The practical hope is that intellectual peaks may be reached and main- 
tained on a less opportunistic basis by turning from a welter of fragments 
and postulates toward a systematic program of research in the biological 
and social sciences. Only this will discover the growth line of man as in- 
tellect, together with the factors and stimulations that tend to restore his 
vigor. 


Ne 
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INTERSEXES IN DROSOPHILA PSEUDOOBSCURA 
By Tu. DOBZHANSKY AND B. SPASSKY 
DEPARTMENT OF ZOOLOGY, COLUMBIA UNIVERSITY 


Received October 28, 1941 


Diploid intersexes in Drosophila have been described in D. simulans! 
and D. virilis.*, *» 4 The purpose of the present note is to record the oc- 
currence of a similar phenomenon in D. pseudodbscura (‘‘race A’’) and to 
evaluate its bearing on theories of sex determination. 

Origin of the Intersexes—In February, 1941, more than one hundred 
cultures were raised in which several males carrying the ‘‘sex-ratio”’ con- 
dition were crossed to unrelated normal females. The progeny of a male 
carrying the “‘sex-ratio”’ condition consists of daughters and few or no 
sons, regardless of the genetic constitution of his mate. This peculiar sex 
distribution arises because most of the spermatozoa of ‘‘sex-ratio’’ males 
contain an X- and no Y-chromosome. Some spermatozoa contain neither 
X nor Y; most of the rare sons of ‘‘sex-ratio” fathers are XO and are, 
therefore, sterile.© In the particular experiment under consideration 
several “‘sex-ratio’’ males and several normal females were placed in each 
culture and transferred from time to time in fresh culture bottles. In the 
series of cultures which developed in a cold room at 16°C. the total sex 
ratio was 98.8 per cent females and 1.2 per cent males. Two cultures 
coming from the same group of parents gave, however, abnormal results. 
One of them »>roduced 115 females, 5 males and 122 intersexes; the other 
gave 119 females, 2 males and 144 intersexes. 

All the males, though both externally and anatomically normal, proved 
to be sterile, presumably because they lacked Y-chromosomes. The in- 
tersexes were sterile because of the gross abnormalities in their reproduc- 
tive organs. Some two dozen of the normal female sibs were outcrossed to 
unrelated males, partly in individual and partly in small mass cultures. 
Their offspring consisted of normal females and males; no intersexes ap- 
peared in F, and F; generations. The genetic condition responsible for 
the prod.iction of intersexes was, therefore, lost. Nevertheless, it is pos- 
sible to infer with a very high degree of probability that the intersexuality 
was produced in this case by a dominant mutant gene present in one or 
more of the ‘‘sex-ratio” male parents; this gene transformed the females 
which inherited it from their father into intersexes. That the intersexes 
were transformed females and not transformed males was ascertained by 
cytological examination of three intersexual individuals (two having ovaries 
and one having rudimentary testes). They possessed normal diploid 
chromosome complements with two X-chromosomes. It is uncertain 
whether anything more than a coincidence was involved in the origin of 
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the intersex producing mutation in a male, or males, which carried also the 
‘‘sex-ratio” condition. A causal relation is here very doubtful, since, ex- 
cept in the two cultures recorded above, no intersexes were found in the 
numerous ‘‘sex-ratio” cultures examined. This coincidence has, however, 
prevented the establishment of an intersex-producing strain. The fact 
that the intersexuality in D. pseudodbscura was almost certainly due to a 
dominant mutant gene is of some interest, since similar sex intergrades in 
D. simulans and D. virtlis* were caused by recessives. 

Morphology of the Intersexes——The external as well as the internal 
morphology of the intersexes is variable, although not to the same extent 
as in the D. virilis intersexes.4 This lesser variability is not surprising 
since only two intersex-producing cultures were observed in D. pseudodb- 
scura, while intersexuality in D. virilis was studied in strains with an assort- 
ment of genetic modifiers. Externally, the most female-like intersexes in 
D. pseudodbscura resemble normal females, except that their vaginal plates 
are smaller and somewhat displaced with respect to the plane of body sym- 
metry (five such individuals were observed). A majority of the inter- 
sexes are definitely intermediate between males and females. The num- 
ber of teeth in the distal sex comb varies from two to four, three being the 
mode; the proximal sex comb contains from four to six teeth, four and five 
being the most frequent numbers. In normal males of race A four to 
seven in the distal and six to nine teeth in the proximal sex comb are found. 

The abdomen of Drosophila females has two more visible tergites than 
the male abdomen; in males, the morphological sixth and seventh ter- 
gites are fused, and the eighth tergite is either missing or included in the 
genital arch. In the intersexes the sixth tergite is well developed and en- 
tire; the seventh is small and broken into two plates which do not reach 
the mid-dorsal line. Weakly chitinized traces of the eighth tergite can be 
identified in some intersexes. 

The anatomy of about fifty intersexes was examined by dissection. 
Their reproductive organs are characterized by the presence of the normal 
number, i.e., two, of gonads, but of two, or even of three, sets of the genital 
ducts. The gonads may be ovaries containing apparently mature eggs 
(fig. 1; in this figure only one ovary attached to the oviduct is represented, 
while the other ovary, lying free in the body cavity, is not shown), or rudi- 
mentary ovaries with abortive egg strings (fig. 2), or ovotestes (the right 
gonad in fig. 5), or diminutive testes (figs. 3 and 4). Asa rule, the two 
gonads of the same individual are similar: they are either both ovaries or 
both testes. However, in two individuals, one of which is shown in fig. 5, 
one gonad was clearly an ovary and the other an ovotestis. In contrast to 
the gonads, the two sets of genital ducts are invariably different in the 
same individual, one being more female-like and the other more male-like. 
In no case has a completely normal set of ducts of either sex been observed. 
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The most female-like intersex examined (Fig. 1) had two mature ovaries, 
one well-developed set of female ducts with two spermathecae and two 
parovaria, and a greatly broadened sac-like tubular receptacle. Its other 
set of ducts was reduced to a minute vagina-like pouch. In most inter- 
sexes the female set of ducts differs from the norm in having only a single 





Figures 1-5, internal reproductive organs of diploid intersexes in Drosophila pseudo- 
obscura. BE,sperm pump; OD, oviduct; OV, ovary; PG, paragonia; PV, paro- 
varia; SP, spermathecae; 7, testis; 7.R, tubular (ventral) seminal receptacle; 
V, vagina; VD, vas deferens; VE, vas efferens. Testes, vasa efferentia, seminal 
vesicles and ovo-testis (in Fig. 5) which are red in color in living specimens are 
shown stippled; note that the vasa efferentia in Fig. 4 to which no testes are 
attached are devoid of color, while the second pair of the vasa efferentia are colored. 


spermatheca, a single parovarium and a short tubular receptacle. The 
presence of only a single spermatheca and parovarium instead of the normal 
two is of interest, since Lebedeff’s photographs of the reproductive organs 
in the D. virilis intersexes show two spermathecae.* Another difference 
between the intersexes in D. virilis and D. pseudodbscura is that in the latter, 
but apparently not in the former, the anterior portions of the female ducts 
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may display grotesque modifications in the male direction. Thus, the 
intersex shown in figure 3 has the upper portion of the vagina (above the 
tubular receptacle) broadened and somewhat resembling the sperm pump 
of the male, the oviduct modified in the direction of the vas deferens and 
ending in what are unquestionably male paragonia. The transformation is 
even more pronounced in the specimen shown in figure 4. Here the ovi- 
duct carries at its inner end not only a pair of apparently normal paragonia 
but also fairly normal vasa efferentia. 

In some of the intersexes the male ducts differ from normal only by their 
smaller size (Figs. 3, 4). Among the male organs, the sperm pump appears 
to be most sensitive to the feminizing influences of the intersexual constitu- 
tion. Next, the vas deferens becomes broader than normal, and comes to 
resemble an oviduct, retaining, nevertheless, its paragonia. In the inter- 
sex shown in figure 5 one may see a set of female and a set of male ducts, 
and also a third set which can be described only as intermediate between 
female and male. This intersex has four enlarged paragonia. If an inter- 
sex has ovaries attached to the vasa efferentia, the latter assume the red 
coloration characteristic of the vasa efferentia in normal males. This 
fact is of interest in connection with the problem of the origin of this 
coloration. Dobzhansky’ found colored vasa efferentia in gynandromorphs 
of D. simulans which possess ovaries but no testes, while Stern and Hadorn*® 
proved that the colored portion of the vas efferens normally arises fiom the 
testicular sheath. A possible solution of this apparent contradiction is 
that the ovary possesses a sheath similar to that of the testis, but which 
develops no pigment unless it comes in contact with a vas efferens. The 
observed structures of the genital ducts in the intersexes of D. pseudo- 
obscura may throw some light also on a purely morphological problem, 
namely that of the homologies of the parts of the female and male reproduc- 
tive systems in Drosophila. From our observations it would appear that 
the lower portion of the vagina in the female corresponds to the ejaculatory 
duct in the male, the upper portion of the vagina to the sperm pump, and 
the oviduct to the vas deferens. Females have no homologue of the para- 
gonia, and males no homologues of the spermathecae, parovaria or the 
ventral tubular receptacle. 

The presence in the intersexes of two sets of genital ducts and only one 
pair of gonads indicates that in the larvae from which these intersexes de- 
velop there must be either two imaginal discs from which the genital ducts 
and the external genitalia normally develop’, or else that a single disc be- 
comes eventually split into two which subsequently give rise each to a sepa- 
rate system of ducts. The external genitalia of the intersexes are what 
one could expect them to be on the basis of the above views. Except in 
the extreme female type intersexes, each individual has two sets of genitalia, 
one of them distinctly more -female-like and the other male-like, but neither 
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of them complete. Most intersexes have an asymmetrical genital arch 
which is more or less normal on one side but rudimentary on the other; a 
misshapen penis; a more or less well-developed or rudimentary vaginal 
plate or two plates; and a single anal tubercle of the male type. The posi- 
tion of these organs with respect to each other is highly variable, so that 
no two individuals have similarly built genitalia. In some intersexes the 
whole system of the genitalia fails to come out to the body surface, evi- 
dently because of non-eversion of the imaginal disc. 


Discussion.—The diploid intersexes known in Drosophila simulans, D. 
virilis and D. pseudodbscura differ from the triploid ones in D. melano- 
gaster. The diploids have characteristically two systems of genital ducts 
and external genitalia, the developmental basis being here a reduplication 
or a splitting of the genitalic imaginal disc; the triploids, with rare excep- 
tions,® have a single set of ducts and of genitalia intermediate in structure 
between female and male. This profound structural difference cannot be 
accounted for by the occurrence of triploid intersexes in D. melanogaster 
and of the diploid ones in other species. One of us has observed a spon- 
taneously arisen triploid intersex in D. pseudodbscura (the chromosome- 
complement checked cytologically) and three such intersexes in hybrids be 
tween D. pseudodbscura and D. miranda (cytologically not examined). 
Their morphology resembled that of the triploid intersexes in D. melano- 
gaster (types II and III°). 


Goldschmidt’s conception of a sexual turning point (the ‘‘time law’’) fits 
reasonably well the facts known about the triploid intersexes,*® but to ac- 
count on the same basis for the structures of intersexes that are diploid one 
must make the assumption that in the latter the two sets of genital 
ducts always develop at rates so different that the turning point finds one 
of them physiologically much younger than the other. Since the two 
systems of ducts are frequently equally well developed, the morphology 
of the adult diploid intersexes gives little basis for such an assumption. 
Owing to the presence of two sets of reproductive organs, one approaching 
the female and the other the male type, the diploid intersexes could be 
termed also hermaphrodites. We prefer the former term, because the 
duplication, or even the triplication, involves only the derivatives of the 
genitalic imaginal disc, i.e., the genital ducts and the external genitalia, 
but does not involve the gonads. Nevertheless, it is possible to conceive 
that a mutant producing a condition of this sort, if it were to arise in a 
strain possessing genetic modifiers making the two sets of genital ducts 
functional, could become the nucleus of a genotype transforming a bisexual 
species into a hermaphroditic one. The type of intersexuality found in 
triploid Drosophila and in diploid Lymantria has, on the other hand, noth- 
ing to do with hermaphroditism. 
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Diploid intersexuality in D. simulans and D. virilis is known to be caused 
by mutation of apparently a single gene, and the same is virtually certain 
for D. pseudodbscura. The rdle of the normal allele of this gene in sex de- 
termination is, however, by no means established. According to the inter- 
pretation advanced by Lebedeff,** the locus at which the intersex-produc- 
ing mutation arose in D. virilis is that of “‘the gene for maleness,”’ the mutant 
allele being more efficacious than the normal one, and thus transforming 
genetic females (i.e., individuals possessing two X-chromosomes with two 
normal “genes for femaleness’’) into intersexes. This interpretation is not 
the only possible one. In the first place, the fact that a mutant allele of a 
gene causes a modification of the development in the direction of maleness 
does not prove that the normal allele of the same gene is also a gene for 
maleness, or in fact that it has anything to do with sex determination. 
Furthermore, the locus at which the mutant genes producing diploid inter- 
sexuality arise need not be the main or the only gene for maleness (the 
‘male sex differentiator’’). _Dobzhansky and Schultz’ have shown that the 
female determining effect of the X-chromosome in D. melanogaster is a result 
of codperation of several, presumably numerous, genes rather than that of 
a single female sex differentiator. Their results were questioned by Gold- 
schmidt." Bedichek Pipkin'! has recently obtained an unimpeachable 
confirmation of the multiplicity of sex-determining genes in the X-chromo- 
some of D. melanogaster, and Goldschmidt'® has taken the position that 
since, in his opinion, discrete genes do not exist the alternative of a single 
versus multiple sex genes is meaningless. There is no evidence of single- 
ness or multiplicity of the male determiners in the autosomes of any spe- 
cies of Drosophila, and the available data on diploid intersexuality do 
not come anywhere near to furnishing such evidence. On theoretical 
grounds, it is perhaps easier to visualize the phylogenetic transition from 
hermaphroditism to bisexuality as being caused initially by only a single 
or few genes. The genetic mechanism underlying a given organ or func- 
tion may, however, undergo changes in evolution; a function originally 
determined by a single gene may eventually become served by many co- 
operating genes. Hermaphroditism is extremely rare in the class Insecta; 
if the living representatives of this class had hermaphroditic ancestors, this 
ancestry is very remote. The multiple causation of the sex-determining 
mechanism in Drosophila is, thus, in no way unexpected. 

Summary.—Diploid intersexes in Drosphila pseudodbscura are described. 
Most of them have two sets of genital ducts and external genitalia but only 
one pair of gonads. One of the sets of the ducts and the genitalia is almost 
always more female-like and the other more male-like. The genetic causa- 
tion of the intersexuality in this case is most probably a single dominant 
gene transforming diploid females into intersexes. It is argued that the 
normal allele of this gene need not be regarded as the single gene for male- 
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ness nor even as being involved in any way in the mechanism of sex de- 
termination. 
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THE ORIGIN OF JERKER, A NEW GENE MUTATION OF THE 
HOUSE MOUSE, AND LINKAGE STUDIES MADE WITH IT 


By Hans GRUNEBERG, JOSHUA B. BURNETT AND GEORGE D. SNELL 


DEPARTMENT OF BIOMETRY, UNIVERSITY COLLEGE, LONDON, AND ROSCOE B. JACKSON 
MEMORIAL LABORATORY, BAR HARBOR, MAINE 


Communicated November 4, 1941 


In June, 1938, a woman who raises mice for her own amusement brought 
to one of us (Griineberg) a dancing adult female mouse which had been 
given to her by a schoolboy. The mouse was of the Mus musculus type 
and not appropriate to keep with her waltzers which were Mus bactrianus. 
It was, however, pregnant, she claimed, by one of her genuine Japanese 
waltzers, yet the litter consisted of three perfectly normal animals, thereby 
indicating that the mutation was distinct from waltzing. 

Such a genetic test was apparently the only way to distinguish waltzers . 
and jerkers, as the new mutation was named. The age of onset of the 
jerker characteristics is about 11 or 12 days. At this age signs of poor 
balance, shaking the head and traveling in a circle become visible, but not 
until the animal’s eyes are open and they become more active at 14 days 
can the jerker animals be distinguished from the normals with certainty. 
One good way to tell is to hold the animal by the tail just off the table. 
The jerkers twist and turn their whole bodies while normals stretch out 
and try to reach the surface beneath. So far as we could tell, jerkers also 
are stone-deaf as they show no reaction to a sharp metallic click as do nor- 
mals—a fact which suggests that the inner ear is abnormal in some way. 
The jerkers whirl in both directions, shake their heads and back up instead 
of running ahead. Often the adults when aroused leap and twist about in 
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somersaults much as waltzers do. The animals breed poorly chiefly be- 
cause the mothers do not nurse well. In all these respects the new muta- 
tion resembles waltzing and the shaker mutations. Accordingly crosses 
were carried out to test the individuality of the mutation and also its link- 
age relations. These crosses are described below and the actual data are 
given in table 1. 

In the first place, in order to distinguish the new mutation from other 
similar ones, a homozygous jerker animal was crossed with waltzers again 
and with shaker-2 animals. No offspring exhibiting any kind of dancing 
abnormalities resulted from these crosses. Three different waltzing (vv) 


TABLE I 


TABLE OF LINKAGE DATA AND CROSSOVER PERCENTAGES OF JERKER GENE 


NO. CROSSOVER 
GENE MATING Xje sJe Xje xje MICE PERCENTAGE 
a F, repulsion aor 21 °% 6 80 44.2 = 8.8 
MC repulsion 58. 60 7 16 161 @6 «8,7 
b F, repulsion B61 15 2 89 38.3 = 7.8 
F, coupling 29 12 10 5 5 47.3 = 9.6 
c F, coupling 12 9 5 3 29 24.4+9.4 
Ca BC to jejecaca coupling 31 33 36 21 121 57.0 + 4.6 
d se F, repulsion 146 46 45 9 246 43.6 = 6.1 
Pf BC to JeJeff repulsion 17 4 14 5 40 55.0 = 7.9 
ln BC to JeJelnin repulsion 9 OF ST «39 45 42.2 = 7.9 
p F, repulsion 149 42 309 12 22 51.2 4.8 
Re BC coupling 1s 20° "16 16 68 51.5 + 6.1 
s BC to JeJess repulsion 9 eee 6 45 33.3 = 7.5 
F, coupling 132 40 48 14 220 49.0 = 4.9 
sh-2 BC to JeJesh-2sh-2 15 6. 6 40 47.5 = 7.9 
T! BC to jejett coupling DAG. Se Bi. ee 
v BC to JeJevw repulsion 12 6 BB 9 45 46.7 = 7.5 
W BC to jejeww coupling 20° 44 26. 34 120 Ob.4 @ 7.6 
wa-l1 BC to JeJewa-1wa-1 repulsion 1; 38 8 we 45 44.4+7.5 
wa-2 BC to JeJewa-2wa-2 repulsion 13 ee | 8 40 52.5 = 7.9 


mothers produced 12 normal young; 4 different shaker-2 mothers (sh-2 
sh-2) produced 18 normal young, thus definitely establishing the jerker 
mutation as distinct from v and sh-2. In a cross with pink-eye (p) and 
albinism (c) in later tests, the jerker gene showed no linkage with these two 
characters, and hence cannot be identical with shaker-1 which is linked 
with both of these. 

When the mutation was thus definitely known to be at a new locus, 
linkage tests were ‘carried out against as many of the known chromosome 
markers as were available at the Jackson Laboratory. These markers in- 
cluded all the known linkage groups except 7 s7 and all the known single 
genes except dw and hy-1. This meant that out of a possible sixteen mark- 
ers, thirteen were tested. 
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The genes used in these crosses are carried at the Jackson Laboratory 
in four stocks of mice. In the first of these, the P stock, inbred for twenty 
generations, occur five recessive genes a, b, p, d, se, the last two being very 
closely linked. The straight F, ratio had to be used in this case since the 
recessive necessary for a backcross of all the genes would be very hard to 
obtain, and using one gene at a time to backcross would nullify the value 
of the stock. The plan was simply to cross the XXjeje male with the 
xxJeJe females giving the double heterozygote XxJeje. This F,; when in- 
terbred would give the normal 9:3:3:1 phenotypic ratio in the F: popula- 
tion if no linkage existed. The jerker males used in this cross happened to 
be heterozygous for a and the data had to be separated into two classes, 
according to the F; animals. Some of these would be the double hetero- 
zygotes; others would be homozygous for non-agouti. In the latter case 
the F, generation forms the same phenotypes as the straight /, but in the 
ratio of 3:3:1:1 and only the 1:1 classes can be used in determining the 
crossover genotypes. We have called this a ‘mixed backcross,’’ abbrevi- 
ated MC. As can be seen from the dai.. in the table, je is not linked with 
any of these genes. 

In another stock of mice, three dominant mutations are carried: caracul 
coat (Ca), dominant spotting (W) and fused (7%). To test for these the 
straight backcross of the multiple heterozygote to the multiple recessive 
was used, giving a 1:1:1:1l ratio. Unfortunately the fused-tail character 
showed up in only four animals because of overlapping in this particular 
stock. This cross should be repeated. 

The remainder of the genes wa-1, wa-2, s, ln, f,v, sh-2 and w, all recessives, 
are carried in two stocks of mice. The same plan was used in each case. 
It is difficult or impossible to distinguish v and sh-2 phenotypically from 
jerker. Hence the back-cross animals had to be tested genetically. The 
plan of the cross: 


JERKER x STOCK MICE 
jejeXX JeJexx 
Ff, JejeXx x JeTexx 
BC JeJeXx JeSexx JejeXx Jejexx 


This is essentially the cross described by Castle! for testing the linkage 
between lethal genes. 

About 50 back-cross females were outcrossed with jerker animals to de- 
termine whether they were homozygous JeJe or heterozygous Jeje. About 
one-fifth of these animals failed to nurse their litters due to an overdose of 
detrimental mutations. In the case of homozygous animals, 7 normal off- 
spring were considered proof of the JeJe formula. Here as before no link- 
age was apparent. 
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One more character, rex (Re), was tested with negative results for link- 
age with Jerker. The straight backcross of the double heterozygote to 
the double recessive was used. 

From these data we may conclude that no linkage exists with any of the 
characters tested, except that the data with respect to the T locus are in- 
conclusive. Very likely, then, the jerker mutation can be used to mark a 
different chromosome. Dw, hy-1 and the linkage group 7 si are the only 
markers as yet untested. Unless one of these should show linkage with je, 
a new chromosome marker will be established. 

The authors would like to express their appreciation to Dr. Dunn for his 
assistance in bringing the jerker mice from England to the United States, 
and for maintaining them for a while in his laboratory. They wish also to 
thank Dr.Reed for providing space in his animal room at Harvard Uni- 
versity where some of the crosses were carried out. 


1 Castle, W. E., Proc. Nat. Acad. Sci. 25, 593-594 (1939). 


GENIC EFFECTS ON SERUM PROTEINS* 
By R. W. Cumtey, M. R. IRwin, AND L. J. CoLet 
DEPARTMENT OF GENETICS, UNIVERSITY OF WISCONSIN 
Communicated November 14, 1941 


A previous report! from this laboratory has described th. segregation of 
one or more so-called species-specific components of the serum proteins of 
Pearlneck (Streptopelia chinensis), following backcrosses to Ring dove (St. 
risoria) of species hybrids and back-cross hybrids from the mating of Pearl- 
neck and Ring dove. Further, two back-cross individuals, obtained by 
mating to Ring dove hybrids of pigeon and Ring dove, have been shown to 
possess in their respective sera at least one antigen specific for pigeon, quali- 
tatively different from that in the serum of the other.” Complete refer- 
ences to related investigations may be found in the bibliographies of the 
earlier reports.! * ° 

These findings are in accordance with the results of investigations of the 
segregation of cellular antigens in the erythrocytes of several dove and 
pigeon species and their hybrids and back-cross hybrids, which gave evi- 
dence of genic influence on the antigens of the red blood cells.*~> However, 
the genes, affecting the species-specific cellular antigens in the Pearlneck 
and pigeon, respectively, appear to be independent in action from those 
affecting the species-specific antigens of the serum." ” 

The present paper submits corroborative evidence of the earlier findings. 
In this series of tests, the species involved were the Pearlneck and the Sene- 
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gal (St. senegalensis) as well as offspring of backcrosses of species hybrids 
to Senegal. The sera of the various back-cross birds were tested to deter- 
mine the segregation of antigens, specific for Pearlneck, as contrasted with 
Senegal. 

Materials and Methods——The immunological techniques employed 
herein were virtually the same as those described in detail in previous re- 
ports.':*»® In brief, rabbits were inoculated intravenously with the serum 
of Pearlneck. The anti-Pearlneck sera thereby produced were tested by 
the ring-precipitin test, using as antigen the sera of the two species and of 


TABLE 1 
PRECIPITIN REACTIONS WITH THREE ANTI-PEARLNECK SERA, PREVIOUSLY ABSORBED 
WITH SENEGAL SERUM 


PRESENCE OR ABSENCE 
OF SPECIFIC PEARLNECK 


ANTI-PEARLNECK SERUM NUMBER CHARACTERS IN RED 
SERA 22785 267S1 198S3 BLOOD CELLS 
Pearlneck 64} 32 16+ + 
Senegal 0 0 0 0 
(a) Reactions of Sera of First Back-cross Generation Hybrids 
D631E 16+ 16 44 0 
D820L 16+ 8 4+ + 
D820V2 4 4 3 + 
E11U 4 4 4+ + 
E11V 16+ 16+ 4+ + 
E11Z 4 4 4+ + 
(b) Reactions of Sera of Second Back-cross Generation Hybrids 
D967Q 16+ . 44 + 
D967V 0 0 0 + 
D967Y 8 16+ 4+ ob 
D967L2 16+ 16+ 4+ 0 
D967N2 ° 0) 0 0 0 
D967Y2 16+ 16+ 4+ 0 
D967J3 16+ 16+ 4+ + 
E132J2 0 0 0 0 


1 The numbers represent the highest dilution of serum at which a definite precipitate 
was visible. A plus (+) sign following a number indicates a strong reaction at the final 
dilution; presumably, a reaction would have occurred at higher dilutions. 


individuals of the back-cross progeny. In these tests, which were carried 
out in precipitin tubes of 2-mm. diameter, the antigen in its successive dilu- 
tions was carefully layered above the antiserum. A ‘“‘positive’’ reaction 
between the antigen and antiserum was indicated by the appearance of a 
well-defined ‘‘ring’”’ of precipitate at the antigen-antiserum interface. The 
absence of a ring indicated that no definite reaction had occurred. The 
absorption of antibodies was carried out as in the earlier experiments,’ * 
extreme care being taken to prevent overabsorption. In these investiga- 
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tions, the anti-Pearlneck sera from three different rabbits were used, and 
are designated in table 1 as antisera Nos. 19883, 227S5 and 267S1. 

The back-cross individuals were produced by mating two species—hy- 
brid females, (D429H and D429U2), offspring of a Pearlneck male and 
Senegal female, to Senegal, producing the first back-cross generation, or !/, 
Pearlneck, */, Senegal. D429H is the parent of D631E and of the two birds 
listed as of family D820; D429U2 is the parent of family E11, as listed in 
table 1. Two of the first back-cross birds (D820A and D820L) were mated 
to Senegal, giving rise to the second back-cross generation, or '/s Pearl- 
neck, 7/; Senegal. The tests herein described were made on the sera of six 
birds from the first, and of eight birds from the second back-cross genera- 
tion. Unfortunately, no species hybrids ('/2 Pearlneck, !/. Senegal) were 
available for testing as to the content in their sera of the antigens of Pearl- 
neck and Senegal. However, since the backcrosses had been made only to 
Senegal, the segregation of antigens to be studied in the back-cross indi- 
viduals would be of those particular to Pearlneck, and such antigens must 
then have been present in the sera of the species hybrids. 

Results—When various anti-Pearlneck sera were tested directly with 
the sera of Pearlneck and Senegal doves, the reactions of the sera of the two 
species were found to be essentially the same. The highest dilution of anti- 
gen at which reactions occurred was with some antisera as much as 1 :25,600. 
Other antisera gave lower reactions. By virtue of these direct precipita- 
tion tests, it was impossible to differentiate the sera of the two species. 
However, differentiation of the serum of Pearlneck from that of Senegal was 
readily accomplished by absorbing certain anti-Pearlneck sera with serum 
of Senegal, and then testing the ‘‘reagent” with the serum of both Senegal 
and Pearlneck. When this test was made, the Senegal serum gave no re- 
action at dilutions of 1:2, 1:4, 1:8 and 1:16; whereas the Pearlneck serum 
reacted strongly at all these dilutions, and up to serum dilutions of 1:32 
and 1:64. This reaction shows that the antiserum for Pearlneck contained 
two or more qualitatively distinct antibodies, of which at least one was 
capable of interacting with Pearlneck and not with Senegal serum. 
Whether the one or more antigens in the serum of Pearlneck which distin- 
guish it from the serum of Senegal were due to determinant groups, as is 
usually assumed, or to similar but not identical structures of the protein 
molecules, cannot be definitely stated. Arguments on both sides of the 
question have been discussed by Landsteiner and van der Scheer.* Fol- 
lowing the same terminology in this that has been used in former papers, 
the antigenic complex of Pearlneck which distinguishes it from Senegal 
will be termed ‘‘species-specific,”’ and that which in the two species is similar 
if not identical will be called ““common.” 

Anti-Pearlneck serum, therefore, following absorption with Senegal 
serum, is capable of detecting one or more antigenic structures in Pearlneck 
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serum which are specific for the Pearlneck species, as contrasted with Sene- 
gal. If, then, these antigens specific to Pearlneck are heritable, they may 
be expected to appear in the sera of birds resulting from backcrosses to 
Senegal. Therefore, the absorbed reagents were tested with the sera 
from fourteen back-cross individuals with results as given in table 1. The 
serum of each bird, usually at dilutions of 1:2, 1:4, 1:8 and 1:16, was 
tested against the three different reagents indicated in the table, with 
adequate controls as to the completeness of the absorption by Senegal 
serum. The three reagents gave virtually the same reactions with the 
sera of these 14 individuals. 

It will be seen in the table that the serum of each of the six individuals of 
the first back-cross generation gave positive reactions with each of the three 
reagents. Since these tests show the presence of an antigenic complex 
particular to Pearlneck, and the species hybrids, although not tested, were 
from the mating of a Pearlneck male, the possibility of cytoplasmic trans- 
mission of these serum constituents at least to the species hybrid can pre- 
sumably be disregarded. If one or more genes on a chromosome (originally 
derived from the Pearlneck parent) of the two species hybrid females to- 
gether produced an effect upon the serum proteins, a 1:1 ratio of birds 
possessing and not possessing the particular antigenic complex would be 
expected in the progeny of the first backcross. Likewise if one or more 
genes on each of two such chromosomes produced different effects, four 
kinds of offspring would be expected in the first back-cross generation, as 
previously explained. The number of offspring (six) in the first back- 
cross generation is too few to state whether more than one antigenic con- 
stituent is involved. At present we have no evidence which would indicate 
whether the antigenic complex of D820L, for example, is the same as that 
found in the serum of D631E or E11V. Experiments are now in progress to 
determine to what extent these various serum antigens are the same or re- 
lated. One of these back-cross birds (D820L) was the female parent of the 
D967 family. The serum of each of five of the seven offspring of this mat- 
ing gave a positive reaction and that of two gave no observable precipitate 
with the three reagents for specific Pearlneck antigens. Thus within this 
family there was a definite segregation of the Pearlneck specific antigens 
which were contained in the back-cross parent (D820L), five of the offspring 
receiving part or all of this particular species-specific antigenic complex of 
the parent and two not receiving it as would be expected if one or more 
genes on a single chromosome produced such an effect. The other back- 
cross hybrid, E132J2, possessed in its serum no demonstrable antigens 
specific for Pearlneck. However, since the serum of its back-cross hybrid 
parent (D820A) was not available for testing, no information can be de- 
rived from this test. 

This experiment corroborates the findings in the Pearlneck/Ring dove 
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hybrids and back-cross hybrids. And similarly, these results cannot be 
rationally explained without assuming that genes on one or more Pearlneck 
chromosomes have produced the specific Pearlneck antigens which segre- 
gated in the back-cross generations. 

Correlation of Pearlneck-Specific Components of the Serum and Blood Cells. 
—Earlier studies have been made to determine the inheritance of the Pearl- 
neck specific antigens in the blood cells of hybrids and back-cross hybrids 
of the Pearlneck/Senegal cross.’ It is a matter of some interest, therefore, 
to determine whether the same genes produce antigens, particular to Pearl- 
neck, in the red blood cells and in the serum as well. If the respective anti- 
gens are produced by different genes, the question arises as to whether the 
causative genes are linked or are borne on different chromosomes. 

The fifth column of table 1 shows the presence or absence of Pearlneck 
specific characters in the blood cells of the various back-cross birds. By 
comparing the data in this column with those in columns 2-4, inclusive, 
certain points become evident. 

The six individuals of the first back-cross generation all possessed Pearl- 
neck specific antigens in their sera, and all except one (D631E) possessed 
characters specific to Pearlneck in their red blood cells. Therefore, we 
may reasonably conclude that the serum reactions are not due to substances 
produced in the serum by a breakdown or secretion of the corpuscles. Fur- 
thermore, the presence of an antigen specific to Pearlneck in the serum of a 
back-cross individual and the absence of a cellular antigen in the same 
bird show that different genes are involved in the production of the species- 
specific antigens in the serum and blood cells, respectively. Both of these 
conclusions are substantiated by the data concerning the second back- 
cross hybrids. ; 

As given above, D820L was the hybrid parent of the D967 family and 
within this family there was a definite segregation of the corpuscular char- 
acters, as well as of antigens of the serum. Thus, three birds (Q, Y, J3) 
possessed both specific corpuscular characters and specific Pearlneck serum 
antigens; two birds (L2, Y2) did not have a specific cellular substance, but 
did have specific serum antigens; one bird (N2) possessed neither Pearl- 
neck specific cellular nor serum antigens; and one bird (V) possessed 
specific cellular characters but not specific serum antigens. The other 
member of the second back-cross progeny (E132J2) had no demonstrable an- 
tigens specific to Pearlneck in either cells or serum. It appears from the 
evidence that the antigens specific to Pearlneck in the cells and in the 
serum, respectively, are determined by different genes, either on separate 
chromosomes or loosely linked. These resulis parallel those obtained in 
previous studies." * 

Summary and Conclusions.—The antigens in the serum of Pearlneck, 
specific for that species as contrasted with Senegal, have been found to 
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segregate in back-cross individuals in accordance with genetic expectation. 
The results of this and previous investigations show beyond reasonable 
doubt that the species-specific qualities of the serum proteins are deter- 
mined by gene action and suggest that the total protein complex of the 
serum is likewise determined by genes. 

The genes that in Pearlneck produce the serum antigens are not the same 
as those that produce the cellular antigens, and possibly are not on the 
same chromosomes. These findings corroborate the results of parallel 
investigations of the sera and cells of back-cross hybrids of other combina- 
tions of species of doves and pigeons. 


* Paper No. 290 from the Department of Genetics, Agricultural Experiment Station, 
University of Wisconsin. This investigation was supported in part by grants from 
The Rockefeller Foundation and from the Wisconsin Alumni Research Foundation. 

+ Assistance in the production of the hybrids was given by Dr. Geo. W. Woolley. 
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ON THE MOTION OF VORTICES IN TWO DIMENSIONS—I. 
EXISTENCE OF THE KIRCHHOFF-ROUTH FUNCTION 


By C. C. Lan 
DEPARTMENT OF APPLIED MATHEMATICS, UNIVERSITY OF TORONTO 
Communicated October 20, 1941 


1. Introduction.—Kirchhoff'! was the first to establish the existence of 
“a stream function giving the motion ot vortices’’ in an unbounded region. 
Later, in 1881, Routh? enunciated a theorem regarding the transformation 
of a function of that nature tor the case of a single vortex moving in a 
bounded region. No proof was given and the existence of such a stream 
function was not established.* In 1921, Lagally‘ established the existence 
of this ‘‘Routh’s stream function” and the more general ‘“‘Kirchhoff’s path 
function’’ for a simply connected bounded region. An independent proof for 
the case of a single vortex in such a region was also given by Masotti® in 
1931, by using the Green function of the first kind. However, the most 
general case of the motion of a number of vortices in a multiply connected 
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region is not covered by their work. The present article establishes the 
existence of the ‘‘Kirchhoff-Routh function’® for the general case. The 
proof makes use of a generalized Green function and may therefore be re- 
garded as a generalization of Masotti’s work. Explicit formula of this 
function is also given. A more detailed treatment of this work will appear 
elsewhere. 

2. Statement of the Problem.—Consider a number of isolated free vortices 
of strengths x; (i = 1, 2, ..., m) at the points P;(x;, y;) (¢ = 1, 2, ..., m) in an 
incompressible fluid moving irrotationally in a region R. This region has a 
number of internal boundaries C, (k = 1, 2, ..., m) and it is (2) bounded 
externally by a closed curve Co, or (v) unbounded from the outside, or (c) 
limited by curves Cy extending to infinity. 

If the ordinary stream function of fluid motion 


y eg v(x, VY; My Viy wees Xn» Yn) (2.1) 


is known (which is obviously independent of the time ¢ explicitly), the com- 
ponents of velocity of the ith vortex (7 = 1, 2, ..., m) are given by 


an SES =a) pees (Ye) 9 


¥=HV- = log 7;, 7; = V(x — x)? + (y — y)*, (2.3) 





where 


and the suffixes P; denote that the results of differentiation are to be evalu- 
ated at the point P;. For the case where the region R has no solid bound- 
aries and where steady streaming is absent, Kirchhoff! has shown that 
there exists a function - 


W = Wx, V1; Xa, Vo; 3 Xv Vn) (2.4) 
such that the motion of the 7th vortex is given by 
ey _ Fey. _ ow 
K; ‘dt oy ha KjU; — Oy Kj dt — KjV; =, Ox, (2.5) 


The object of this article is to show that this result of Kirchhoff can be 
generalized to the motion of vortices in a region R of the general type de- 
scribed above. In another article, we shall derive the law of transformation 
of the Kirchhoff-Routh function W under a conformal transformation. 

We shall first define a generalized Green function particularly suited to 
the study of vortex motion. The essence of this paper, like Masotti’s work, 
lies in the application ot the reciprocity property of a properly defined Green 
function. (Cf. equations (3.5) and (3.6)). 

3. The Green Function.—Let us define a function G(x, y; xo, yo) with 
respect to two points P(x, y) and Po(xo, yo) in the region R by the following 
three conditions. 
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(i) The function 


1 
B(%, 9; Xo, Yo) = Glee, ¥5 0 90) — 5 log ro 





(x. = V(x — w)* + (¥ — oa) (3.1) 


is harmonic with respect to (x, y) throughout the region R including the 
point Po; thus, 


re Oe 


dat T dy * 0. (3.2) 





(ii) If OG/dn is the normal derivative of the function G on a curve (with 
x, y as variables), then 


G = A, on C,, J Mae (k = 1, 2, ..., m) (3.3) 
G On 
for each of the inner boundaries C,; where ds is an element of arc of the 
closed analytical curve C,, which encloses C, but neither the other bound- 
ary curves nor the point Py. The positive normal to C; is drawn toward 
C, and the positive direction of C, is taken so that the main part of R 
(including Po) lies to its left. Similar positive directions are used for any 
other curve. 
(itia) If the region R has a closed outer boundary Cp, then 


G(x, y; Xo, Yo) = 0 over Co. (3. 4a) 


(iiib) If the region R extends to infinity in all directions, the function 
G(x, y; Xo, Yo) behaves as follows:’ 
1 


1 
G(x, y; Xo, Yo) saa <a log Yo + (4), k 
2a ro over a very large circle of radius 79. 


en Ee ae 1 (3.46) 
Os ie 0(;3) On 2K 7 (53). 


where 0G/0s is the tangential derivative along the circle. 
(iiic) If the region R has boundaries Cy extending to infinity, the function 
G(x, y; %o, Yo) behaves as follows :’ 


G(x, y; Xo, Yo) = O over Co, \ 


G(x, y; xo, Yo) = o(1) over a very large circle of radius 7». 


(3. 4c) 


Koebe? established the existence and uniqueness of this Green function G 
by resolving it into a linear combination of two sets of basic functions: 
(a) the Green function of the first kind and (b) the set of harmonic functions 
each of which takes the value unity on a particular one of the boundary 
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curves and the value zero on all the others. With the help of this resolu- 
tion, the present writer finds it possible to prove the symmetry property 
of this Green function by using standard methods.’ 

We summarize the results in the following lemma. 

LemMA I. The function G(x, y; xo, yo) defined by the conditions (3.2)- 
(3.4) exists uniquely, and is a generalized Green function satisfying the reci- 


procity property 


G(x, y; Xo, Yo) = G(xo, yo; x, ¥). (3.5) 


The reciprocity property immediately leads to the following important 
result (cf. (3.1)): 
O lm 0 
— Io: = 2 — ; 
OX 2 (Xo, Yo; Xo, Yo) we Py Ox g(x, y; Xo, Yo)» 
(3.6) 


oO (x ' x, ) amg: lim ° (x - Xx ) 
dy, o™ Yo; 0» Yo “P— Pidy® »y; 0» Yo). 


4. Kirchhoff’s Equations.—Let us now apply our function G to the 
hydrodynamical problem of vortex motion with the stream function (2.1). 
The motion given by the stream function 


WV = KoG(x, ¥; Xo, Yo) (4.1) 


may be called the motion due to a vortex xo at the point Po(xo, yo). It is 
a possible potential motion in the region R with the required singularity, 
and has no circulation around any one of the inner boundaries. Further- 
more, if the region R extends to infinity, the flow across an arc of the circle 
7 = constant (contributing to outward flux) approaches zero and the flow 
along it (contributing to circulation) is finite (or approaches zero), as 7 
becomes infinite. 

If we subtract the stream functions due to all the vortices from the com- 
plete stream function (2.1), the remainder is a stream function giving a 
possible potential motion in the region R. Now, this motion is uniquely 
defined when the circulation around each of the curves C, and the fluid 
velocity at infinity are given. Since these conditions are the same for the 
complete stream function as for this part, this motion is actually inde- 
pendent of the (variable) positional coordinates (x;, y;) of the vortices. It 
depends on the (constant) strengths «;, only if the conditions defining it 
happen to be so. We may therefore call it the motion “due to outside 
agencies.” 

We summarize our results in the following basic lemma. 
Lemma II. If m vortices of strengths x; (i = 1, 2, ..., m) are present in an 
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incompressible fluid at the points P;(x;, y;) (¢ = 1, 2, ....m) in a general region 
bounded by fixed boundaries, the stream function of fluid motion ts given by 


v(x, Vs Mty Vi, ees Xny Yn) oe Yo(x, y) + DKiG(e, 9; Xiy Vi)» (4.2) 


where the properties of G(x, y; x;, y;) are given in Lemma I, and Yo(x, y) 1s 
the stream function of the motion due to outside agencies, independent of 
P;(x;, yi) (and of «;). 

With this result at hand, we can at once establish the existence ot the 
Kirchhoff-Routh function. 

THEOREM I. For the motion of vortices of strengths x;\1 = 1, 2, ...,n) ina 
general region R bounded by fixed boundaries, there exists a Kirchhoff-Routh 





function W(x1, Yi; 2, V2; ++} Cn» Vn) Such that 
«oe = Ku; = — ~~ 
i dt i%i oy,’ 
(4.3) 
i dt 1% Ox,’ 


where P;(x;, y;) (t = 1, 2, ..., n) are the instantaneous positions of the vortices. 
The function W is given by 

n =. 1 n 
W= > Kbo(Xir Wi) + DU Kiki G (Xi V3 XH Hj) He DD Kelxin V5 ir Vi). 
ise 


ij= ; 
(t > j) 


bo 


(4.4) 


This can be at once verified by comparing the results for u; and v; ob- 
tained from (4.3), (4.4) and (3.6) with those obtained from (2.2), (2.3) and 
(4.2). We note that the system of Kirchhoff’s equations (4.3) is a Hamil- 
tonian system of differential equations in the set of variables V Kix; and 
V Kivis @ = 1, 2, 14, 2). 

It is not difficult to show that when the vortices are fixed the fofal force 
reacting on all the solid boundaries is given by 


X= > pOW/dx;), Y = > p(OW/dy;), 


t+=1 
p being the density of the fluid. It can also be shown that pW is a measure 


of the kinetic energy of fluid motion, so that equation (4.3) leads to the 
law of conservation of energy, W = constant. 


1 Kirchhoff, G., Vorlesungen tiber mathematische Physik, Mechanik, p. 255 ff. See also 
Lamb, H., Hydrodynamics, 1932, p. 230. 

2 Routh, E. J., Proc. Lond. Math. Soc., 12, 83 (1881). 

3 Even in the standard books of recent years, the treatment is far from complete; 
cf. Lamb, H., Hydrodynamics, 1932, pp. 219-236; Ramsey, A. S., A Treatise of Hydro- 
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mechanics, Pt. II, Hydrodynamics, 1935, pp. 219-232; Milne-Thomson, L. M., Theo- 
retical Hydrodynamics, 1938, pp. 323-348. 

4 Lagally, M., Math. Zeits., 10, 231-239 (1921). 

5 Masotti, A., Atti Pontif. Accad. Sci. Nuovi Lincei, 84, 209-216, 235-245, 464-467, 
468-473, 623-631 (1931). Also, Seminario Matematico e Fisico di Milano, 6, 3-53 
(1932). 

6 The function called by Lagally the Kirchhoff’s path function shall be called in this 
paper the “Kirchhoff-Routh function.’”’ The study of the function called by him the 
Routh’s stream function is not of much importance, because it is merely a special appli- 
cation of the other (cf. equation (6.1)). 

7 For the definition of O( ) and o( ), cf. Titchmarsh, E. C., Theory of Functions, 1932, 
p. 1, Oxford. 

8 Koebe, P., Acta Math., 41, 306-344 (1918). Note that our function in case (0) is 
the function with two singularities, one at Po, the other at infinity. 

®° Cf. Kellogg, O. D., Foundations of Potential Theory, 1929, pp. 238-240, Berlin. 
Note that no assumption is made regarding the nature of the boundaries Co, Ci, ..., C,. 


ON THE MOTION OF VORTICES IN TWO DIMENSIONS—II 
SOME FURTHER INVESTIGATIONS ON THE KIRCHHOFF- 
ROUTH FUNCTION 


By C.:C. Lan 
DEPARTMENT OF APPLIED MATHEMATICS, UNIVERSITY OF TORONTO 


Communicated October 20, 1941 


4 


5. Conformal Transformation.—We shall now investigate the behavior 
of the Kirchhoff-Routh function (whose existence we have established in 
the preceding erticle) under a conformal transformation of fluid motion. 

THEOREM II (Generalized Routh’s theorem).—Under a conformal trans- 
formation 


z = f(z) (5.1) 


which derives the motion in the 2-plane from that in the 2-plane, the Kirchhoff- 
Routh function for the new motion ts given by 


dz 
di 


+. os 
W=W+ > te log 
j 


+= 1 


(5.2) 








P; 
Proof. If F(z) is the complex stream function in the z-plane, we have 
(cf.(2.3)) 
; lim d 1k; Te 
—u; + iv; = Pah £4 FG) om log (z a). (5.3) 


We mark every quantity in the Z-plane with a curl. The complex stream 
function for the new motion is then 
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F(z) = F(z), (5.4) 


by definition of conformal transformation. From this it follows that k; = 
ki, (1 = 1, 2,...,”). It can be verified that, by (5.3) and (5.4), 


dz; | «; d dz; 
i nt a ge ee = *% 
Multiplying (5.5) by 6z; and taking imaginary parts, we have 


dz 


Ox; — UF; = v;8x; — ujdy; + = 5 log | - (5.6) 
T 


| 

. 
dz | P; 
Multiplying (5.6) by x; and summing for the index 7, we have, by (4.3), 
ds et 
dz | P; od 


2 
Kj 


v= W+5 DS log | 
jo 4 | 


Tv 
Equation (5.2) then follows at once (up to an additive constant). 

6. Discussion.—(i) The above results hold when the solid boundaries 
are moving, for this affects the stream function y¥ alone. The Green func- 
tion G, of course, depends upon the instantaneot's configuration of the solid 
boundaries. Furthermore, the results hold also when the function y has 
fixed singularities. 

(ii) The theory gives explicitly the Kirchhoff-Routh function W by the 
formula (4.4) when the ordinary stream function (4.2) is known, for the 
functions Yo, G and g can then be written down at once. In actual applica- 
tions, we must be careful to see that y is actually in the form (4.2), with Yo 
and G satisfying required conditions. 

(iii) Routh’s stream function and Routh’s stream.—By (4.3), the motion 
of the 7th vortex may be derived from a Routh’s theorem function 








W 
XG) = “a (6.1) 
by the formulas 
Oxi) Oxi) 
c(=_ - =— = ’ Zz 
- Oy; " Ox; (6 ) 


just as the fluid velocity is derived from the ordinary stream function y. 
By (4.4) and (5.2), we see that 


Xi) = Voli, Vi) + 2, KG(Xi, Vis Xj» Yj) + = B(%i Vis XH) +H, (6.3) 
J 1 es 
and transforms according to the law 


+ ki, (6.4) 





i | 
dz | P; 


K; 
xa) = Xa + rm log 
ST 
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under the transformation (5.1). In these equations, h; and k; are inde- 
pendent of x; and y;, and are therefore unimportant so far as the motion of 
the 7th vortex is concerned. Equation (6.4) is Routh’s theorem generalized 
to the case of a number of vortices. 

Routh’s original special case.—For a single vortex xo at the point Po(vxo, 
yo), the equations corresponding to (6.3) and (6.4) are 


W Ko 5 
X= 7 = Wolo» Yo) + > B(x» Yor Xo» Yo) (6-6) 
and 
«an yt © oe |S (6.6) 
| ao a 








Equation (6.6) is Routh’s theorem in its original form. In this case, the path 
of the vortex is given by 


= const., (6.7) 


if the boundaries are fixed. 

(iv) Kirchhoff’s original special case—If all the solid boundaries are 
absent, we have g = 0. If, furthermore, there is no motion beyond that 
due to the vortices themselves, (4.4) reduces to the simple result 





W = KjK; log Vij, ‘ij = V (x; soo x;)? + (y; = y;)*, (6.8 


I~ 


nt tb 


a ) 
first derived directly by Kirchhoff.! 

In conclusion, the author wishes to express his sincere thanks to Prof. J. 
L. Synge, for suggesting the problem treated in these two articles and for 
his help and encouragement throughout the work. The author is also in- 
debted to Dr. A. Weinstein for his kind help. 


1 Kirchhoff, G., Vorlesungen tiber Mathematische Physik, Mechantk, p. 225 ff. See 
also Lamb, H., Hydrodynamics, 1932, p. 230. 
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CONCERNING THE DIFFERENTIAL EQUATIONS OF SOME 
BOUNDARY LAYER PROBLEMS 


By HERMANN WEYL 
INSTITUTE FOR ADVANCED STUDY 
Communicated November 12, 1941 


I. Mathematically the simplest boundary layer is that forming around 
a half-plane y = 0, x 2 O immersed in an incompressible viscous fluid of 
kinematic viscosity «? which flows by with a given constant velocity V in 
the direction of the x-axis. This two-dimensional steady flow can be de- 
scribed by a stream function y*(e; x, y), and if the viscosity e? approaches 


zero, Sala: x, ey) will tend to a limit ¥(x, y), the stream function of the 
€ 


boundary layer. In our case y is of the form 2x'/ * w(y/2x'/*) where the 
function w of the single variable z = y/2x'” satisfies the non-linear dif- 
ferential equation 


yw!!! + oww" = 0 (0 <= Z2< ©), (1) 


One has to find a solution w for which w = w’ = 0 at z = 0 and w’ ap- 
proaches V withz— . If w(z) is a solution, so is 8.w(6z) whatever the 
positive constant 6. Let w = f(z) be the solution determined by the initial 
values f = f’ = 0, f’ = 1. Once weare sure that f’ tends toa positive limit 
awithz— o, 


a= f,° f"(s)ds > 0, (2) 
we may adjust the constant 6 in such a way, 
Ba = V, (3) 


that the derivative of w = 8.f(8z) approaches V at infinity. 

When H Bilasius carried out the integration as a first example of Prandtl’s 
idea of the boundary layer,! he made use of the power series for w around 
z = Oand of acertain asymptotic expression for large values of z, adjusting 
the constant 8 so as to make both expressions dovetail in a middle region. 
It is a fact, although it seems to have escaped notice, that convergence of 
the power series of f stops somewhere between z = ~/9 = 2.08 and 1/30 = 
3.11. Thus Blasius’ method, which has been followed later in many similar 
cases, can yield results of limited accuracy only, and the mathematician 
remains in doubt whether the solution f extends over the whole interval 
z = O and has the property (2). .After rejecting the power series because 
of its shortcoming, I shall here describe a rapidly converging process of suc- 
cessive and alternating approximations which gives all one may desire and 
is an excellent tool for actual numerical computation. 
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The coefficients c,, of 
f(s) = 2(—1)"c,2" 2 (n = 0,1, ...) 
are determined by the recursive formula 
(3n + 2)(3m + 1)3n.c, = 2.5(381 + 2)(81 + log, G@ +k =n — 1) 
and ¢) = '/. Notice that 
Dp 7 1(3¢ + 2)(3¢ + 1) = n(3n? — 1) 
and 
1/30 $ a5 ee pH £19 @=1,2,...) 


Hence the inequalities 


1 /1\' 1/1\' 
Sa anette: ee ee Ree) Paes 
«$3 (5) and c; 2 3 (ay) 


fort = 0,...,” — limply the same fori = n. Since they hold for 7 = 0 
our statement is proved in the sharp form 


1 te a <i 1\" 
2 \ou meee ee 


As is easily seen, the differential equation f’’’ + 2ff” = 0 together with 
the initial conditions f = f’ = 0, f” = 1 is equivalent to the following inte- 
gral equation for g(z) = f"(z): 


g(z) = exp(— f(z — ¢)2e(s)dt) or g = O{g} 


where the functional operator ® at the right side has the properties: 





P(g} = 0, {g} = Olg*} ife s g*. 
Thus we are led to define the successive approximations g, by 
&n+1 = Plg,} (n = 0, heey § 


starting with go(z) = 0. The trivial relations g; 2 go = 0, g. 2 go = O then 
give rise to two sequences of inequalities: 


Zo S £1, 1 S]} Bo, Bo S Bs, 2s S> Bu, ... 
and 


£o S £2, 21 S= Bs, Go S Ba, Bs => Os, ... - 





Hence the g, perform an alternating pincer movement: all the odd g, are 
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above the even g,, the odd g, move down, the even g, go up with increasing 
n. Moreover one readily finds by induction with respect to n: 
(22*)” 
0 s (-1)" 2) — g,(2)) Ss ——. 
= ( ) (Zn41( ) £nl )) = (3n)! 


Thus in the limit for 7 — © a solution g results which is approached by 
the even g, from below, by the odd g, from above. 
The first approximations are 
5 aes 0, a= 1, go> ner, 
—1 3 

ga(z) = exp(— fo"(z — §)%.e7'* dg). 

For large values of z the exponent in g; behaves like a quadratic polynomial, 
Sele — $e" 8 de ~ ane? — 2a'ez + "2 

where 

(a2, a's, a"2) = fy” (1, §, £).e7 2 Pde 
and since g S g; we have 


g(z) se *™ 


for sufficiently high z if k is any positive number 
= a Vetta. . 8/6 4 
<a= fe dg = va.r(3) ‘ 


This assures the convergence of 
So g(z)dz = fo” f"(2)dz = a, 
and the asymptotic behavior of 
f@) = A(z — Sgsde 
is indicated by 
f2) ~ A? (@ — Oa(s)ds = az — a’. 
As g = g2 implies a = a» we find the numerical coefficient a = a~‘” in 
w"(0) = 6 = a" 


to be < a, = 0.684. According to S. Goldstein,? a = 0.664. Hence the 
very first approximate value for a which can be derived from our method 
misses the mark by less than 3%, which makes it likely that g;(z) is a pretty 
good approximation of g(z) throughout the entire interval. 

II. With slight alterations our process applies to the equation 


w’’’ + 2ww” — w’? = 0 (4) 
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which determines the wake behind our flat plate.* [The stream function 
of problem I for large « ~ / assumes a finite value y(n) = $V) op? in 
the limit / > © after we make the substitution y = 7./'“, which we com- 
bine with x — / = £1’, ‘With the plate ending at the point x = /, the 
stream function 


v(E, ») = 38.w(n/t”)  (— = 0) 


of the wake is determined under the (not too good) assumption that it ties 
up with y(n) for n/t? > @ .]| The boundary conditions are: 


w=w" = Oats = Oandw" >¢.V" forz—> o, 


Let f be the solution with the initial values f = 0, f’ = 1, f”" = 0. After 
differentiating (4), 


S aces +4 a" iis 0, (5) 
we arrive at the following integral equation for f” = g: 
gz) = Sorexp(— 2 — So"(z — 5)*g(5)ds).dz. 


g(~) has a finite positive value, and thus one may adjust the constant 6 in 
the solution w = 6.f(6z) so as to give to w”() the desired value. 

Neither of the equations (1) and (4) contains the independent variable 
z, and both allow the group of transformations w(z) — 8.w(8z). Hence, 
as J. v. Neumann has observed, they are reducible to differential equations 
of the first order followed by two quadratures. They are thus within 
reach of Poincaré’s general discussion of first-order differential equations. 
However, it seems certain that our method gives quicker numerical results 
and, what is more important, it works also in cases of a different type where 
that reduction is impossible. 

III. One such case is the three-dimensional problem of a horizontal flow 
against a perpendicular wall.‘ Its differential equation 


wy!!! + oww" + (Vv? pare w’?) = 0 (6) 


holds for any value of the viscosity «? and not merely in the limit e — 0. 
Add the intial conditions w = w’ = 0 at z = Oand w’ > V forz—> o~, 
We try to construct a solution f of the equation (5) obtained by differentia- 
tion, for which f = f’ = 0, f” = 1 for z = O and the initial value —a? of 
f’”’ is such that j’ approaches a finite limit for z — © (which then must 
equal a). The function w = 8.f(8z) solves our problem if 8 is chosen by 
(3). The integral equation for f” = g now reads 


g(2) = a®. fp °e dg 
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where 
v(z) = Jo*(z — £)*e(S)dg, a? = 1/ fp? e7 de. 


This time we have to start with go(z) =- 1 and to construct the successive 
approximations by means of the formulas 


Ynl2) = A(z — $)*en(d)ds, 
g, mo 1(2) — J.* eg Oat sz Pe Ode 


Readily enough, though by a somewhat more intricate argument, one 
establishes the alternating pincer movement of the sequence g,. The ques- 
tion of convergence is of a different character and only convergence of the 
type of a geometric series is to be expected, because we are now dealing 
with a real boundary rather than an initial-value problem. I obtain 
majorizing constants u,, 


0s (-~ 1)"(g,(2) — Bx — 1(z)) > Mny 
defined by the recursive equations 
a bias 1; Kn = Qn-Mun — Mn +1 = Qn-Bn (n even) 


where g,, denotes the constant 


In = Soe 1) Bade / fy Pe” Me-1WWde 
a Jo ” g4(2).2°dz. 


The second expression shows the alternating pincer movement of the q,, 
hence all even g, S g. = g. Ifq < 1 our process converges uniformly and 
better than the geometric series of quotient g. Since g: = '/; our experi- 
ence with problem I leads us to expect that g is not much larger than !/3; 
a provisional calculation indicates that its value is about 0.41. 

Queerly enough, the differential equation of the corresponding two- 
dimensional problem, first treated by Hiemenz,° 


w’'’ + 2ww" + 2(V? — w’?) = 0, (7) 


proves less tractable, not so much for want of an appropriate recursive 
process—which can be set up after twice differentiating (7)—as for want 
of a proper start go(z). 

The boundary layer of the two-dimensional flow against an angular 
bastion of angle 7\ may be determined by conformally mapping the ex- 
terior of the angle upon an (x + 1ty)-plane cut along the positive x-axis. 
Introducing Prandtl’s codrdinate y?/2x'” in that plane, one obtains the 
differential equation 


w’’’ + 2ww” + 21(V? — w’*) = 0. 
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Hence the rectangular bastion, \ = '/2, leads to Homann’s equation (6) 
which showed itself accessible to our method. I do not know how to deal 
with values of the constant \ other than \ = 0 and !/2. 

I wish the WPA Mathematical Tables Project could be persuaded to 
resume computation of tables for the functions f, f’, f” of the problems I, 
II, III by the systematic procedure here explained. 


1 Zeitschr. Math. Phys., 56, 1 (1908). 

2 Proc. Cam. Phil. Soc., 26, 1-30, especially p. 19 (1930). See also Howarth, L., 
Proc. Roy. Soc., 164A, 551 (1938), and Goldstein, S., Modern Developments in Fluid 
Dynamics, Oxford, 1938, p. 136. 

3 Goldstein, S., loc. cit.,2? and Proc. Roy. Soc., 142A, 545-573 (1933). 

4 Homann, F., Zeitschr. angew. Math. Mech., 16, 153 (1936). 

5 Dingler’s Polytech. Jour., 326, 321-326 (1911). 


THE GENERATION OF INSEPARABLE FIELDS 


By F. K. Scumipt AND SAUNDERS MacLAne* 


MATHEMATICAL INSTITUTE, UNIVERSITY OF JENA, AND DEPARTMENT OF MATHEMATICS, 
HARVARD UNIVERSITY 


' Communicated October 17, 1941 


1. Introduction.—The chief difficulties with fields of characteristic p 
arise in treating inseparable extensions; that is, extensions defined by 
irreducible polynomials with multiple zeros. Such extensions occur in 
various arithmetic questions; for instance, in the treatment of the residue 
class fields of certain complete topological fields. This leads to the study 
of ways of generating these extensions so as to minimize inseparability. 

To generate an extension K of a field k of characteristic p, first pick a 
transcendence basis 7: the elements of T are algebraically independent 
over k, and every element of K is algebraic over the field k(T) generated by 
adjunction of all elements of J. In case every element of K satisfies a 
separable algebraic equation over k(T), we say that T is a separating trans- 
cendence basis. Such a basis does not always exist! for given K and R. 
But for any T, Steinitz? showed that the sets 


S, = {all we K with uw” separable over k(T)} (1) 


are subfields of K, and that every element of K is in one of these subfields. 
Thus K is the “‘limit’’ of a tower of fields 


ROS CS, CSC... (for given 7). (2) 


If each field S, of this tower has an individual separating transcendence 
basis T,, over k, we say that the tower! belonging to 7 can be separated. 
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If k and K are both perfect fields, every tower can be separated. Our 
main theorems state conditions under which towers for imperfect fields can 
be separated. 

These conditions involve properties of p-independence. A set of ele- 
ments of k is said to be p-independeni® in k if no one of the elements lies in 
the field generated by the remaining elements and all pth powers from k. 
A particularly simple class of extensions are those extensions K/k which 
preserve p-independence,' in the sense that every subset of k p-independent 
in kremainssoin K. If the base field & is perfect, none of its subsets are p- 
independent and every extension preserves p-independence. 

2. Denumerable Field Towers—Throughout this section we consider 
an extension K/k which preserves p-independence and which has a finite or 
denumerable transcendence basis over k. 


THEOREM 1. The Steinitz tower (2) for K/k can be separated relative to a 
suitably chosen transcendence basis T. 

One of us previously published without proof a similar theorem,‘ asserted 
for all choices of transcendence basis. Subsequent examples showed that 
this formulation needed to be modified. A reéxamination of the original 
unpublished proof then easily gave a proof of this theorem above, for a 
suitable choice of the transcendence basis 7. The essential point in the 
proof of this theorem is the idea of replacing the original denumerable 
transcendence basis fo, t, fs, ... by a new basis fo, fh”, ”’,.... For every 
integer n, all but a finite number of elements of this new basis are p”th 
powers in the field K. This property means that the difficulties involve 
only a finite number of transcendentals, which can then be treated as in the 
special case° of this theorem in which the transcendence basis is finite. 

In the proof, the transcendence basis 7, already given for a field S,, of the 
tower is first changed so that as many elements as possible are pth powers. 
Let 7!” '! be the set obtained from 7, as follows: ifteT,, has a pth root u 
in K, replace t by u; if not, replace t by ¢. This wiil give a separating basis 
for S, + 1, as follows. 


THEOREM 2. In Theorem 1 the separating transcendence basis T,, for the 
extension S,,/k may be so chosen that the set T''! is a separating trans- 
cendence basis for S,, + , over k. 

The hypothesis that K/k preserve p-independence is necessary for the 
validity of Theorem 1. It is used to show that certain irreducible equa- 
tions in m parameters contain® terms which are not pth powers. The proof 
also gives the 

Corotiary. If K/k has a finite transcendence basis, every tower (2) 
can be separated. 

For the arithmetic applications it is desirable to have a tower with a 
number of more specific properties, as follows. 








ey 








wer 
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THEOREM 3. K 1s the limit of a tower 
LEoLEMCM_CMAZC... (3) 


with the following properties: (i) K can be generated by elements of L and by 
pth powers from K. (wu) L has a separating transcendence basis overk. (tit) 
K/L preserves p-independence, and L is algebraically closed in K. (iv) Each 
M,,1s algebraic over M,, —,. (v) Each M,, has a separating transcendence basis 
over L. (vt) Each M,, can be generated from L by the adjunction of pth powers 
of elements which lie in M,, + , but notin M,. 

The last property stated in this theorem is the essential one for the appli- 
cations.’ For the proof, the field L is first constructed by adjoining to k a 
relative p-basis of K and taking the algebraic closure of this field. The 
requisite fields / are then found by making a selection from the fields of a 
Steinitz tower for K over L, using the results of Theorem 2. 

3. General Field Towers.—The analysis of extensions with a non-de- 
numerable transcendence basis depends on the following result. 

THEOREM 4. If an extension K preserves p-independence over k, then K 
can be represented as the limit of a (transfinite) tower of fields 


Kite, CC... CR, C2..,¢...€2 @ 


in which each K, + preserves p-independence over K., and can be generated 
from K, by a denumerable set of elements. Furthermore, if the index B is a 
limit number, the corresponding field Kg is the union (the limit) of all the fields 
K, with indices a < 8. 

The proof is obtained by building up K, +, by adjoining to K, any 
specified element of ,'followed by a denumerable sequence of adjunctions 
sufficient to realizein K, , , any relations of p-independence which may hold 
in the whole field K. 

4. Arithmetic A pplications.—The original investigations‘ of the Steinitz 
towers (2) were intended to yield a proof of the structure theorem for p-adic 
fields, which asserts that a p-adic field H is uniquely determined*® up to 
isomorphism, by its field K of residue classes. The revised form of the 
Steinitz tower theorem (Theorems 3 and 4) is adequate to carry through the 
original proof of this structure theorem. Specifically, let the given p-adic 
field K have a residue class field K, of characteristic p. Then K preserves 
p-independence over its prime field k. Parallel to the transfinite tower (4) 
of extensions preserving p-independence one can construct’ a tower of p- 
adic fields. 


:6- Kf CE. CHC... ce cEg,.,¢... ce. @& 


To prove the structure theorem it suffices to show that the given field K 
is isomorphic to the constructed p-adic field K’, under a correspondence 
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which induces the identical isomorphism on the residue class fields. This ¢ 
can be built up by steps according to the steps given in (5). If ¢, is a 
given isomorphism of the field K, into a subfield of K, an extension ¢, 4 10f 
, to K,, + , can be constructed as the limit of a sequence of correspondences 
belonging to a suitable tower of residue class fields for K, + ,overK,. The 
special properties of this tower as given in Theorem 3 suffice to insure the 
convergence of this sequence, just as in the previous proof. However, the 
use of the “grundring”’ in this proof is avoided by the preliminary construc- 
tion (5) of a fixed tower of p-adic fields. 

This step from K, to K, + ; is actually a proof of a type of relative struc- 
ture theorem, which asserts the extendability of an isomorphism between 
two p-adic fields to an isomorphism of two p-adic extensions with the same 
(denumerable) residue class extension, provided the latter extension pre- 
serves p-independence. 

5. Extensions Preserving p-Independence.—Tie extensions of this type, 
which are requisite for the above proof, may be described in various fash- 
ions. A field k of characteristic p may be called inseparably (or separably) 
algebraically closed in an extension K if no element of the complement K — k 
is inseparable (or, separable) and algebraic over k. Also k is strongly in- 
separably (separably) algebraically closed in K if every finite extension k* 
of k is inseparably (separably) closed in every one of the composites k*K. 
These concepts are refinements of the notion of strong algebraic closure 
(“‘streng transcendenz”’) introduced by Krull in some ideal theoretic in- 
vestigations.” One has 

THEOREM 5. An extension K over a field k of characteristic p preserves p- 
independence if and only if k is strongly inseparably algebraically closed in K. 

The proof uses the following extension of a Lemma by Krull. 

LemMA. For given K > R, let k** be the maximum subfield algebraic 
over k in a composite k*K of K with a finite extension k* of k. If k is 
separably (inseparably) algebraically closed in K, then the reduced degrees 
(the exponents) of k*/k and k**/k are the same. 

There are also the following characterizations of extensions preserving p- 
independence. 

THEOREM 6. Let T be a transcendence basis for K over k. Then K pre- 
serves p-independence over k if and only if the algebraic extension K/k(T) is 
not reduced by k® '(T). 

If the property stated here holds for one 7, it holds for every T. To say 
that K/k(T) is ‘‘reduced” by k’? ‘(T) means that there is a finite extension 
L generated from k(T) by pth roots of elements from k such that the degree 


[KL : K] < [L: R(T)]. 


THEOREM 7. The extension K/k preserves p-independence if and only if 
every transcendence basis T for K/k has the following property: for every 
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polynomial f(x’, T) irreducible in k|x, T| with a root x = ain K there is at 
least one element of T which appears once in f with an exponent not divisible 
by p. 


* The results of this paper were originally intended for publication in full in a German 
mathematical periodical. This plan has been interrupted by circumstances beyond our 
control. The present summary was prepared by the younger of the authors, so that the 
senior author bears no responsibility for the present form of the results. 

1 MacLane, S., ‘“Modular Fields I, Separating Transcendence Bases,’’ Duke Math. 
Jour., 5, 372-393 (1939). Definitions of the various terms used for modular fields may 
be found here, or in the book? by Steinitz. 

2 Steinitz, E., Algebraische Theorie der Kérper, edited by R. Baer and H. Hasse, Ber- 
lin, 1930. 

3 Teichmiiller, O., “‘p-Algebren,”’ Deutsche Mathematik, 1, 362-388 (1936). 

4 Hasse, H., and Schmidt, F. K., “Die Struktur discret bewerteter Korper,’”’ Jour. 
reine angewandte Math., 170, 4-63 (1934). 

5 MacLane, S., “Steinitz Field Towers for Modular Fields,” Trans. Am. Math. Soc., 
46, 23-45 (1939). 

, 6 The exact property used is that stated in Lemma 2 of the paper of footnote 1. 

7 See the discussion in 5, §§ 5 and 9. 

8 See the detailed discussion of structure theorems in MacLane, S., “Subfields and 
Automorphism Groups of p-Adic Fields,’’ Ann. Math., 40, 423-442 (1939). 

9 By the extension theorem (Theorem 2) stated in the article 8. 

10 Krull, W., “Beitrage zur Arithmetik kommutativer Integritatsbereiche VII, In- 
separable Grundk6rpererweiterung. Bemerkung zur K6rpertheorie,’’ Math. Zeit., 45, 
319-344 (1939). 





MAXIMAL INVARIANT PROPER SUBGROUPS OF A FINITE 
GROUP 


By G. A. MILLER 
DEPARTMENT OF MATHEMATICS, UNIVERSITY OF ILLINOIS 
Communicated October 20, 1941 


In order to avoid misunderstanding it should be emphasized that a 
maximal invariant proper subgroup of a given group G is not necessarily a 
maximal proper subgroup of G although it might at first appear that the 
latter should include the former and that the term invariant should refer 
to a subdivision of maximal proper subgroups. The commonly used 
definitions of these terms are that a maximal invariant proper subgroup is 
an invariant proper subgroup which does not appear in a larger invariant B 
proper subgroup of the group, while a maximal proper subgroup is a proper 
subgroup which is not found in a larger proper subgroup of the group. A 
necessary and sufficient condition that a maximal invariant proper sub- 
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group of a group is also a maximal proper subgroup of the group is there- 
fore that the corresponding quotient group of the former is of prime order. 

There is a well-known group of order 120 which contains only one in- 
variant proper subgroup and this is of order 2. The corresponding quo- 
tient group is therefore of composite order and hence this maximal invariant 
proper subgroup of the group is not a maximal proper subgroup of it. 
Some writers include the subgroup formed by the identity among the 
proper subgroups of a group while the majority seem to exclude the identity 
from the proper subgroups. We follow the latter custom and call the iden- 
tity and the group itself trivial subgroups. The custom of including the 
group itself among its subgroups is widely followed although this is not 
universal. In such cases we aim to follow the most common usage irre- 
spective of personal preferences based on inconclusive evidence, Un- 
fortunately there are still many terms in the group theory literature, in- 
cluding the term group itself, which are being employed with widely dif- 
ferent meanings, but the context usually exhibits the intended meaning. 

Both the maximal invariant proper subgroups and the maximal proper 
subgroups were introduced into group theory on account of their applica- 
tions in the theory of equations. The former were introduced by C. Jor- 
dan (1838-1922) who proved the constancy of the factors of composition 
of a group, while the latter were emphasized by W. Dyck (1856-1934) 
who proved that a necessary and sufficient condition that a transitive per- 
mutation group is primitive is that its subgroup composed of all its per- 
mutations which omit a given letter is a maximal subgroup of the group. 
When all the maximal subgroups of a group are also invariant subgroups 
of the group then the group is the direct product of its Sylow subgroups 
and vice versa. It has recently been proved that when all the maximal 
proper subgroups of a group are of the same order then the group is a 
prime power group and vice versa (see these PROCEEDINGS, 27, 445-448 
(1941)). 

Suppose that no two of the maximal proper subgroups of the group G 
are of the same order. Every maximal proper subgroup of G is therefore 
invariant under G since conjugate subgroups have the same order, and 
hence G is the direct product of its Sylow subgroups. Moreover, each of 
these Sylow subgroups is cyclic and no two of them can have the same 
order. Hence it results that a necessary and sufficient condition that no 
two of the maximal proper subgroups of a given group are of the same order is 
that the group is the direct product of prime power cyclic groups such that no 
two of these groups have orders which are powers of the same prime number. 
In particular, all such groups are cyclic and vice versa. The two extreme 
cases when every two maximal proper subgroups of a group are of the same 
order and when every two of the maximal proper subgroups of a group are 
of different orders therefore relate to very elementary categories of groups. 
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The former condition is a characteristic property of prime power groups 
while the latter is a characteristic property of cyclic groups. 

A complete set of conjugate maximal proper subgroups of a group is 
transformed under the group according to a non-regular primitive per- 
mutation group since one of these maximal proper subgroups cannot trans- 
form another into itself because the two generate the entire group. Hence 
the permutation group according to which they are transformed under the 
group is not only primitive but also non-regular. Therefore it results that 
when a group does not contain more than two maximal proper subgroups 
of the same order then all of its maximal proper subgroups are invariant 
and the group is the direct product of its Sylow subgroups. As such a 
group could not involve exactly two maximal proper subgroups of the same 
order the entire group could not involve exactly two maximal proper sub- 
groups of the same order. That is, if a group contains at most two maximal 
proper subgroups of the same order every two of its maximal proper subgroups 
are of different orders and hence it is cyclic. 

In a solvable group the number of subgroups ina complete set of conjugate 
| maximal proper subgroups is a power of a prime number since such a set is 

transformed under these subgroups according to a non-regular primitive 
permutation group which is solvable. Every non-regular primitive per- 
mutation group of degree m is the group of transformation of maximal 
proper subgroups since it transforms its n subgroups of degree m — 1, com- 
posed separately of all its permutations which omit a given letter, in the 
same way as it transforms its own letters. On the contrary, an imprimitive 
permutation group cannot transform a set of conjugate maximal subgroups 
in the same way as it transforms its own letters because the subgroup 
formed by all its permutations which omit one letter cannot be maximal. 
It may be noted that when a group contains only one maximal proper sub- 
group it follows from the given general theorems that it must be a prime 
power group because all its maximal proper subgroups are of the same order 
and it must be cyclic because all of its maximal proper subgroups are of 
different orders. Hence it must be a cyclic prime power group, as is 
also otherwise evident. 

We add as a matter of independent interest that the term abelian group 
is widely used in the recent literature of group theory but writers who de- 
sire to refer to its origin are apt to be perplexed by the apparently conflict- 
ing statements found in places where they are likely to look first. For 
instance, in the second edition, volume 1, ‘“‘Enzyklopadie der Mathemati- 
schen Wissenschaften,’ page 6, 9 (1939), there appears a note stating that 
L. Kronecker speaks of abelian equations, and H. Weber of abelian groups 
in the first edition of volume 1, page 536, of his algebra. As the date of 
this algebra is 1895 one might at first be inclined to think that the term 
abelian group was adopted comparatively recently. In the ‘“Encylopédie 
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des Sciences Mathématiques,” tome 1, volume 1, page 601, it is added 
that J. Perott used the term sulerien groups for abelian groups in American 
Journal of Mathematics, 11, 99 (1889). 

This matter is somewhat complicated by the fact that C. Jordan used 
the term abelian group, with a somewhat different meaning from that now 
commonly assigned to it, in his widely used ‘‘Traité des substitutions” 
(1870), and a little earlier, in Mathematische Annalen, 1, 584 (1869). It 
may therefore be of interest to note here that H. Weber used this term with 
its modern common meaning in Mathematische Annalen, 20, 304 (1882). 
The great influence of H. Weber in the early developement of group theory 
naturally led to the rapid adoption of this term with its present most com- 
monly accepted meaning notwithstanding the great influence of Jordan’s 
“Traité.”’ 


RADIOACTIVE CARBON AS AN INDICATOR OF CARBON 
DIOXIDE UTILIZATION. VII. THE ASSIMILATION OF 
CARBON DIOXIDE BY MOLDS 


By J. W. Foster,* S. F. Carson, S. RUBEN AND M. D. KAMEN 


Hopkins MARINE STATION (OF STANFORD UNIVERSITY), PAciFIC GROVE, CALIFORNIA, 
THE DEPARTMENT OF CHEMISTRY AND THE RADIATION LABORATORY OF THE UNIVERSITY 
OF CALIFORNIA, BERKELEY, CALIFORNIA 


Communicated November 10, 1941 


The application of labeled carbon to the study of the metabolism of 
various biological systems has indicated that CO, may play an important 
réle in intermediary metabolism. Among the numerous heterotrophic, 
non-photosynthetic systems already studied in this connection are yeast,! 
Lebedev juice,” various bacteria,'~* ' plant .(root)'* and animal tis- 
sues.!: 9, 10, 11 

The fungi comprise a large and important group of non-chlorophyllous 
heterotrophic organisms. Carbon dioxide assimilation by these organisms 
had never been investigated because they normally produce such vast 
quantities of CO, that it would be impossible to detect CO: assimilation 
by ordinary chemical methods. Since the use of labeled carbon has yielded 
valuable information concerning CO, utilization it was of great interest to 
extend the radioactive carbon studies to an investigation of mold metabo- 
lism. 

For a study of CO, utilization by molds, we used strains whose general 
metabolic characteristics had been studied previously.’ 1% ' These 
molds were: 

(1) A strain of Rhizopus nigricans which forms large quantities of fu+ 
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maric acid from glucose. The fumaric acid production was of special 
interest in view of the fact that the very closely related compound, succinic 
acid, is known to be formed in part from CO, by bacteria.* ® 7 

(2) A Rhizopus species which is characterized by its ability to produce 
lactic acid from glucose. A study of this mold was of interest since the 
lactic acid produced by bacteria (Streptococcus lactis) in the presence of 
C*O: was not radioactive.” 

(3) A strain of Aspergillus niger which is known to produce large 
amounts of citric acid from sugar. It has been suggested that the synthesis 
of citric acid by molds may involve a fixation of CO:.!° In order to ascer- 
tain whether or not this is true, it was only necessary to carry out experi- 
ments on citric acid production in the presence of C*Os: 

Both Rhizopus species were grown in 5 per cent dextrose, 0.1 per cent 
(NH4)2SO,, 0.05 per cent MgSO, and 0.02 per cent KH2PO,. The growth 
medium for Aspergillus was similar except that sucrose was used instead of 
dextrose, 2 ml. of yeast autolysate were added per liter of medium and the 
pH was adjusted to 3.0 with HCl. 

Molds grown in stationary liquid cultures produce a thick pellicle on the 
surface of the medium. This type of growth is entirely unsuitable for use 
in metabolic studies on account of its physical and physiological inhomo- 
geneity, as Kluyver and Perquin have ably demonstrated.” * Therefore 
the medium was inoculated with a spore suspension of the mold, and the 
flask was placed on a rotary shaking machine at 30°C. for one to two days. 
By this means a submerged type of growth is obtained, which represents a 
homogeneous suspension of mold material." 

Experiments on Fumaric Acid Production by Rhizopus Nigricans.— 
Suspensions of the mold mycelia were placed in a 5 per cent glucose solution 
with C*O, in the gas phase, and were shaken at 30°C. for 30 minutes in the 
presence and in the absence of O2. Under the experimental conditions pre- 
vailing, the mold converted ~10 per cent of the available C*O, into organic 
compounds. Table | contains a summary of the results. 


TABLE 1 
AEROBIC? ANAEROBIC? 
30 minutes 30 MINUTES 
Total C* in supernatant solution? after centrifuging off the cells 19.5 29. 
Fumaric* acid’ in this solution 8. 25. 
C* in neutral volatile distillate 0.1 0.2 
Total C* in acid extract” of cells 44 30. 
Fumaric* acid in this solution 6.5 12. 
C* remaining in cells after acid extraction 36.5 41. 


“ These quantities are expressed as per cent of the total C*O, assimilated. 
» Prepared by gentle boiling with dilute fumaric acid solution. 
° The fumaric acid was precipitated as mercurous fumarate.” 
4 Dissolved CO, removed before radioactivity measurements. 
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It appears that the fumarate produced anaerobically contains a greater 
fraction (37 per cent) of the C* assimilated than aerobically (14.5 per cent). 
It is of considerable interest to note that 36—40 per cent of the C* was con- 
verted into acid-insoluble cellular material. This cellular material, which 
remained after acid extraction, was divided into two portions and treated 
as follows: 


(1) One fraction was boiled for one hour in 2 N HCl in order to hydro- 
lyze insoluble polysaccharides. After filtration the soluble material was 
found to contain less than 0.6 per cent of the total C*. 

(2) The second fraction was extracted for one hour with pentane in a 
Soxhlet extraction apparatus. The extract contained <0.1 per cent of 
the total C* assimilated. 


These results show that the acid-insoluble radioactive material consists 
neither of easily hydrolyzable polysaccharide nor of fat. This is of inter- 
est because the fungi are known to form large quantities of such substances. 


TABLE 2 
FRACTION TESTED c* CONTENT? 
Aqueous acid extract of cells 30 
Cells after acid extraction 69 
Neutral volatile 1 


° Expressed as per cent of assimilated C*. 


The most interesting result of these experiments was the demonstration 
that C*O, enters into the synthesis of the C, dicarboxylic acid, fumaric acid. 
This is of special significance in view of the fact that the closely related C, 
dicarboxylic acid, succinic acid, is synthesized in part from C*O, by certain 
bacteria. Since the latter substance contains labeled carbon only in the 
carboxyl groups,’ it was of interest to ascertain whether the fumaric acid 
produced by Rhizopus nigricans also contains C* in this position only. 

The fumaric* acid was oxidized with KMnO, in 1.5 N HeSO,. Under 
these conditions one mole of fumaric acid yields 3 moles of CO, and 1 mole 
of formic acid. It was found that the CO: contained all the radioactivity 
of the original fumarate, whereas the formic acid was inactive. Since re- 
cent experiments” have clearly demonstrated that the formic acid is de- 
rived exclusively from the central carbon atoms of the fumaric acid, it is 
evident that the radioactive carbon in the fumarate was located in the car- 
boxy] groups only. 

Experiments on Lactic Acid Production by Rhizopus Sp.—A suspension 
of Rhizopus sp. was placed in a 5 per cent glucose solution, and allowed to 
metabolize aerobically in the presence of C*O2 at 30°C. for 30 minutes. 
The results obtained are summarized in Table 2. 

The acid extract was obtained by gently boiling the suspension with di- 
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lute lactic acid solution. Insoluble cellular material was removed by cen- 
trifugation. The aqueous solution was exhaustively extracted with ether, 
after which the ether was found to contain 25 per cent of the C* present in 
the acid extract. 

In another experiment the radioactive substances in the aqueous acid 
extract was partitioned between ethyl ether and water, lactic acid being 
added as carrier. The partition coefficients of the radioactivity obtained 
by successive extractions with ether were very different from those deter- 
mined by titrimetric measurements on the carrier lactic acid. One may 
conclude, therefore, that lactic* acid could be present only in small amounts, 
if at all, and that the radioactivity was due mainly to other ether-soluble 
acids. 

It is known that this strain of Rhizopus produces small amounts of fu- 
maric acid in addition to lactic acid. In fact, the partition coefficients of 
the material, calculated from successive extractions of the aqueous solution 
with ether, were in rough agreement with those of fumaric acid determined 
under exactly the same conditions. The results are summarized in Table 3. 


TABLE 3 
PARTITION COEFFICIENTS 
BY RADIOACTIVITY BY TITRATION FOR 
MEASUREMENTS FUMARIC ACID 
Fraction 1 1.34 1.49 
Fraction 2 0.66 0.88 
Fraction 3 0.91 1.09 


It would appear as if an appreciable portion of the ether-extractable 
radioactive acids consists of fumaric* acid. 

In order to definitely establish that fumaric* acid was produced by this 
mold an additional experiment was carried out in which the fumaric* acid 
was isolated and identified by precipitation with Hg,++ in 5 per cent 
HNO;." This precipitate contained 13 per cent of the C* content of the 
acid extract, indicating that ~50 per cent of the ether-soluble radioactivity 
was due to fumaric* acid. 

Experiments on Citric Acid Production by Aspergillus Niger.—The cell 
material was suspended and shaken in a 5 per cent sucrose solution in the 
presence of C*O, and air for 40 minutes. The cells were then centrifuged 
off, and after removing residual C*O, from the supernatant solution, citric 
acid was added as a carrier. The solution was made slightly alkaline and 
calcium citrate was precipitated by the addition of CaCl, to the boiling 
solution. The precipitate was collected by filtration, dissolved by the ad- 
dition of HNO, and reprecipitated as before. This purification process 
was repeated once more. The precipitate was found to contain ~14 per 
cent of the C* originally present in the supernatant culture liquid, indicat- 
ing that C*O, had entered into the synthesis of citric acid. 
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An aliquot of the Ca citrate* was decarboxylated and converted into 
pentabromoacetone. The transformation can be represented as follows: 


CH,COOH 
CBrs 


| ,COOH 
cK —— > C=0 + 3C0, 
| ‘OH 


CH:COOH 


CHBre 


The decarboxylation was performed by adding KBr in 25% H2SO, to the 
citric* acid solution and allowing the mixture to stand for 10 minutes at 
room temperature followed by 5 minutes at 50°C. An excess of 5 per cent 
KMn(, solution was then added. The liberated CO, was bubbled through 
a solution of Ca(OH), and the radioactivity of the resultant CaCO; deter- 
mined. The residual MnO, was reduced with 20 per cent FeSO,, the solu- 
tion cooled to 0°C., and the insoluble pentabromoacetone filtered off. 

The COs, which is very likely derived from the three carboxyl groups, 
contained 50 times more C* than was found in the pentabromoacetone, 
indicating that the C* in the citric* acid was mainly, if not all, in the car- 
boxyl groups. 

The above experiments demonstrate that CO, does participate in the 
synthesis of citric acid by A. miger. Moreover, the degradation of the 
citric acid molecule indicates also in this case the C* is restricted to the 
carboxyl groups. 

Discussion.—The experiments described in the present paper represent 
the first direct evidence that fungi assimilate CO.. That CO, enters into 
the metabolism of fungi has been suggested by Rockwell and Highberger?! 
who observed that tine absence of CO, delayed the initiation of growth of 
various fungi. Golding? obtained similar results with strains of Penicil- 
lium roquefortii, and in addition found that increasing the CO, pressure, up 
to 20 per cent, had a distinct accelerative effect on growth. Higher partial 
pressures of CO, were repressive (see also Kuhn**), The experiments of 
Hes” indicated that COs: is necessary for the normal functioning of respira- 
tory catalysts in Aspergillus niger, because methylene blue reduction was 
considerably slower in the absence of CO,. 

It is especially in the case of the molds that a large part of the C*O, as- 
similated is retained as cellular substance; this is of interest since molds as 
a group are known to utilize sugar substrates with a high degree of efficiency 
in regard to the synthesis of cellular material. Although the results pre- 
sented above are essentially qualitative due to technical difficulties (short 
half-life of C'!), they appear to indicate that the CO, utilization by molds 
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does not reach the magnitude attained by other systems, e.g., the propionic 
acid bacteria. Yet, CO. may be quantitatively quite significant in cellular 
synthesis by molds. The large proportion of assimilated C* found in the 
acid-insoluble cellular material strengthens this belief. Furthermore, it 
should be borne in mind that the experimental conditions were not condu- 
cive to maximum C*O, utilization. This is shown by the following con- 
siderations: (1) Low partial pressures of C*O, were used, and from the 
experiments of Golding”? and others on the beneficial effects of high CO, 
tensions it seems reasonable that in the present experiments the rate of 
CO, uptake was below the maximum. (2) During the course of the experi- 
ment, the mold was producing large quantities of COz, due to the oxidation 
of the substrate, and thus the C*O, was diluted to a considerable extent. 
(3) Mold cells are relatively large in volume, and a fair proportion of the 
respiratory CO, may be assimilated in situ before it has a chance to diffuse 
out. 

It is apparent that once C*O, has been assimilated by the molds, the C* 
containing compounds enter into many metabolic reactions as evidenced 
by the fact that C* was found in a variety of substances, namely, neutral 
volatile compounds, fumaric and citric acids, and soluble and insoluble cel- 
lular material consisting of as yet unidentified compounds. The finding of 
an appreciable portion of the C* in these substances is interesting since it 
shows that CO, enters into the main respiratory channels. One point of 
entry may be the formation of oxaloacetate* from pyruvate and C*Os, a 
reaction already suggested from studies with bacteria,” ® *° pigeon liver?® 
and yeast.” The oxaloacetate* so formed could give rise to fumaric* acid 
by the same reactions described for the formation of succinic *® ” ” and 
form citric* acid by the reactions proposed by Krebs for the citric acid 
cycle.” 

The production of citric acid in part from COs is of interest in connection 
with some anomalous yields of this acid reported in the literature. It has 
been proposed® that prior to the formation of citric acid by fungi the sugar 
first undergoes a yeast-like fermentation to acetaldehyde which is then sup- 
posed to give rise to acetic acid, two molecules of which in turn condense to 
form a 4-carbon dicarboxylic acid. The latter can then condense with a 
third 2-carbon compound to produce the 6-carbon compound, citric acid. 
There is no experimental evidence for either of these condensation reac- 
tions; also, according to this theory the sugar could never yield more than 
71 per cent citric acid (by weight) and the weight ratio of citrate/CO, 
formed should not exceed 1.45. There are a few instances*! where signifi- 
cantly larger yields of citric acid have been reported. As much as a 90 
per cent yield of citric acid has been found by Wells, ef al., accompanied by 
a proportionately high citrate/CO, ratio. These authors suggested that 
pyruvate arising during the breakdown of the sugar may have been utilized 
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directly for citrate synthesis without being decarboxylated to a 2-carbon 
compound + CO:. In view of the results reported in the present paper, 
the possibility of CO+ utilization in the synthesis of citric acid must be con- 
sidered. It is conceivable that the well-known variations in citric acid 
producing capacity among strains of Aspergilli and Penicillia may be due 
in part to differences in capacity for utilizing COs. 

We wish to express our thanks to Professors H. A. Barker and C. B. van 
Niel for their generous advice and criticism, and to Professor E. O. Law- 
rence and members of the Radiation Laboratory for their coéperation. 


* National Research Council Fellow, 1939-1940. Present address: Research Labo- 
ratories, Merck and Co., Rahway, N. J. 
1 Ruben, S., and Kamen, M. D., Proc. Nat. Acad. Sci., 26, 418 (1940). 
2 Carson, S. F., Ruben, S., Kamen, M. D., and Foster, J. W., Ibid., 27, 475 (1941). 
3 Carson, S. F., and Ruben, S., Ibid., 26, 422 (1940). 
4 Barker, H. A., Ruben, S., and Kamen, M. D., Jbid., 26, 426 (1940). 
5 Barker, H. A., Ruben, S., and Beck, J. V., Ibid., 26, 477 (1940). 
6 Carson, S. F., Foster, J. W., Ruben, S., and Barker, H. A., [bid., 27, 229 (1941). 
7 Wood, H. G., Werkman, C. H., Hemingway, A., and Nier, A. O., Jour. Biol. Chem., 
135, 789 (1940); 139, 365, 377 (1941). 
8 Overstreet, R., Ruben, S., and Broyer, T. C., Proc. Nat. Acad. Sci., 26, 688 (1940). 
® Evans, E. A., and Slotin, L., Jour. Biol. Chem., 136, 301, 805 (1940). 

10 Rittenberg, D., and Waelsch, H., Jbid., 136, 799 (1940). 

11 Conant, J. B., Kramer, R. D., Hastings, A. B., Klemperer, F. W., Solomon, A. K.., 
and Vennesland, B., Ibid., 137, 557 (1941). 

12 Foster, J. W., and Waksman, S. A., Jour. Am. Chem. Soc., 61, 127 (1939). 

13 Foster, J. W., and Waksman, S. A., Jour. Bact., 37, 599 (1939). 

14 Foster, J. W., and Waksman, S. A., Jour. Agr. Res., 57, 873 (1938). 

15 Slade, H. D., Wood, H. G., Nier, A. O., Hemingway, A., and Werkman, C. H., 
Iowa State College Journal of Science, X V, 339 (1941). 

16 Wood, H. G., and Werkman, C. H., Biochem. J., 34, 129 (1940). 

17 Kluyver, A. J., and Perquin, L. H. C., Biochem. Z., 266, 68 (1933). 

18 Perquin, L. H. C., ‘“‘Bijdrage tot de kennis der oxydatieve dissimilatie van A spergil- 
lus niger van Tieghem.”’ Dissertation, Delft (1938). 

19 Stotz, E., Jour. Biol. Chem., 118, 471 (1937). 

20 Allen, M. B., and Ruben, S., to be published elsewhere. 

21 Rockwell, G. E., and Highberger, J. H., Jour. Infect. Dis., 40, 438 (1927). 

22 Golding, N. S., Jour. Dairy Sci., 23, 891 (1940). 

23 Kuhn, F., Centr. Bakt., II, 98, 430 (1938). 

24 Hes, J. W., Nature, 141, 647 (1938). 

25 Smyth, ). H., Chem. and Ind., 59, 849 (1940). 

26 Krebs, H. A., and Eggleston, L. V., Biochem. J., 34, 1383 (1940). 

27 Kleinzeller, A., Chem. and Ind., 59, 849 (1940). 

28 Krebs, H. A., Biochem. J., 34, 775 (1940). 

29 Krebs, H. A., Nature, 147, 560 (1941). 

30 Chrzaszcz, T., and Tiuko, D., Biochem. Z., 229, 343 (1930). Bernhauer, K., and 
Siebenhauger, H., Ibid., 249, 232 (1931). Lwoff, S., and Limberg, E. L., Compt. rend. 
acad. Sci., U. R. S. S., 21, 194-198 (1938). 

31 Wells, P. A., Moyer, A. J., and May, O. E., Jour. Am. Chem. Soc., 58, 555 (1936). 




















Alga, Binghamia (Setchell and Dawson), 
376 


Algorithm, Euclidian (Rosser), 309. 

ALLEN, T. H., AND BopINE, J. H. En- 
zymes in Ontogenesis. XVI. Activa- 
tion of Protyrosinase by Sodium 
Alkyl Sulfates, 269. 

Analytic continuation (Bergman), 328. 

Analytic elements (Kasner and De Cicco), 
88 


Analyticity in dynamics (Wintner), 311. 

ANDERSON, E., AND ERICKSON, Oe 
Antithetical Dominance in North 
American Maize, 436. 

ANDERSON, L. J. See Fox, D. L., 333. 

ARONSZAJN, N., AND WEINSTEIN, A. 
Existence, Convergence and Equiva- 
lence in the Unified Theory of Eigen- 
values of Plates and Membranes, 188. 

Arctic coast (Rainey), 141. 

ArTIN, E. On the Indepetidence of Line 
Integrals on the Path, 489. 

Atwoop, K.C. See Hinton, T., 491. 

Avery, A. G., AND BLAKESLEE, A. F. 
A White-flowered Race of Datura 
Which Is Genetically Distinct, 512. 

AveErRY, P. See Goodspeed, T. H., 13. 

AXELROD, D. I. The Concept of Eco- 
species in Tertiary Paleobotany, 545. 

Azotobacter (Wyss and Wilson), 162. 


Bacteria, lactic acid (Snell and Mitchell) 
1 


Bacteria, propionic acid (Carson, Foster, 
Ruben and Barker), 229. 

Bacteriophages, inactivation of, by X-rays 
(Loria and Exner), 370. 

BarRKErR, H. A. See Carson, S. F., 229. 

BEADLE, G. W., AND Tatum, E. L. 
Genetic Control of Biochemical Re- 
actions in Neurospora, 499. 

BERGMAN, S. The Method of the Mini- 
mum Integral and Analytical Con- 
tinuation of Functions of Complex 
Variables, 328. 

Binary forms (Oldenburger), 185. 

Binary stars (Sterne), 93, 99, 106, 168, 175. 

Binghamia, alga versus cactus (Setchell 
and Dawson), 376. 

Biochemical reactions in Neurospora 
(Beadle and Tatum), 499. 

BrrkHorr, G. Metric Foundations of 
Geometry, 402. 

BirkHorr, G. D. Note on Linear Differ- 
ence and Differential Equations, 65. 

Brirkuorr, G. D., AND GUENTHER, P. E. 
Note on a Canonical Form fer the 
Linear g-Difference System, 218. 

Bivalent structure in the fly (Cooper), 109. 

Biair, A. P. Isolating Mechanisms in 

Tree Frogs, 14. 


INDEX 


BLAKESLEE, A. F. See Avery, A. G., 512. 

Blastomeres, of mite (Cooper), 480. 

— compounds (Zimmerman), 

Boas, R. P., Jr., AND Pétya, G. Gen- 
eralization of Completely Convex 
Functions, 323. 

Bovine, J. H. See Allen, T. H., 269. 

Boundary layer problems (Weyl), 578. 

Bourcin, D. G. Some Properties of Real 
Linear Topological Spaces, 539. 

Bourgulin, E. See Kleinholz, L. H., 145. 

Bowen, N. L. Certain Singular Points on 
Crystallization Curves of Solid Solu- 
tions, 301. 

Bread, whole wheat (Zechmeister and 
Escue), 528. 

BREHME, K.S. The Effect of Adult Body 
Color Mutations upon the Larva of 
Drosophila Melanogaster, 254. 

BuerGER, M. J. Optically Reciprocal 
Gratings and Their Application to 
Synthesis of Fourier Series, 117. 

Burnett, J. B. See Griineberg, H., 562. 

Burr, H. §S. Field Properties of the 
Developing Frog’s Egg, 276. 

BuSEMANN, H. Metric Conditions for 
Symmetric Finsler Spaces, 533. 


Cactus, Binghamia (Setchell and Daw- 
son), 376 

Catvin, M., AND Kopant, M. The 
Physico-Chemical Structure of the 
ar Gland Chromosomes, II, 

is 

CAMPBELL, D. H. See Pauling, L., 125. 

Canonical form (Birkhoff and Guenther), 
218. 


Carbon dioxide utilization (Carson, 
Foster, Ruben and Barker), 229; 
(Carson, Ruben, Kamen and Foster), 
475; (Foster, Carson, Ruben and 
Kamen), 590. 

Carboxylase system (Carson, 
Kamen and Foster), 475. 

Carson, J. G. An Analysis of X-Ray 
Induced Single Breaks in Neuroblast 
Chromosomes of the Grasshopper 
(Chortophage Viridifasciata), 42. 

Carotenoids of tomato (LeRosen, Went 
and Zechmeister), 236. 

Carson, S. F., Foster, J. W., RUBEN, S., 
AND BarKeR, H. A. Radioactive 
Carbon as an Indicator of Carbon 
Dioxide Utilization. V. Studies on 
the Propionic Acid Bacteria, 229. 

Carson, S. F., RUBEN, S., KAMEN, M. D., 
AND Foster, J. W. Radioactive 
Carbon as an Indicator of Carbon 

Dioxide Utilization. VI. On the 

Possibility of Carbon Dioxide Re- 


Ruben, 


598 INDEX 


duction via the Carboxylase System, 
475. 

Carson, S. F. See Foster, J. W., 590. 

CasTLE, W. E., Kinc, H. D., AND 
DanIELs, A. L. Linkage Studies of 
the Rat (Rattus Norvegicus) IV, 250. 

Cas1z, W. E., AND Kinc, H. D. Link- 
age Studies of the Rat (Rattus 
Norvegicus) V, 394. 

CasTLE, W. E., AND SAWIN, P. B. Genetic 
Linkage in the Rabbit, 5i9. 

Catfish (Parker and Rosenblueth), 198. 

Cuitp, C. M. Formation and Reduction 
of Indophenol Blue in Development 
of an Echinoderm, 523. 

Chortophaga Viridifasciata (Carlson), 42. 

Chromosome number (Frankhauser), 507; 
rearrangements (Reynolds), 204; re- 
combination (Kaufmann), 18; struc- 
ture (Jones), 431. 

Chromosomes, neuroblast (Carlson), 42. 

Chromosomes, salivary gland (Calvin and 
Kodani), 291; (Hinton and Atwood), 
491. 

CLoupMAN, A. M. See Fekete, E., 114. 

Cluster of nebulae (Zwicky), 264. 

Cobalt (Copp and Greenberg), 153. 

Cosurn, N. A Note on Conformal 
Geometry, 57. 

Cote, L. J. See Cumley, R. W., 565. 

Color mutations (Brehme), 254. 

Completely convex functions (Boas and 
Polya), 323. 

Concentrating (adrenergic) mnerve-fibres 
(Parker and Rosenblueth), 198. 

Conditional invariants (Rainich), 352, 355. 

Conditioning, olfactory (Cushing), 496. 

Configurations, gaseous (Kopal), 359. 

Conformal geometry (Coburn), 57. 

Conformal mapping (Shiffman), 137. 

Contact with measles (Wilson and Wor- 
cester), 7. 

Cooper, K. W. Bivaient Structure in the 

Fly, Melophagus Ovinus L. (Popi- 

para, Hippoboscidae), 109. 

Visibility of the Primary Spindle 
Fibres and the Course of Mitosis in 
the Living Blastomeres of the Mite, 
Pediculopsis Graminum (Reut.), 480. 
Copp, D. G., AND GREENBERG, D. M. 

Studies in Mineral Metabolism with 
the Aid of Artificial Radioactive Iso- 
topes. VI. Cobalt, 153. 
CourANnT, R. Critical Points and Un- 
stable Minimal Surfaces, 51. 

On the First Variation of the 
Dirichlet-Douglas Integral and on 
the Method of Gradients, 242. 
Critical points (Courant), 51. 


Crosses, sterility in (Sturtevant and 
Novitski), 392. 

Crossing-over, unequal (Lewis), 31. 

Crustaceans, decapod (Kleinholz and 


Bourquin), 145. 
Crystallization curves (Bowen), 301. 





Proc. N. A. S. 


Culture, new form of (Rainey), 141. 

Culture of Grahamellae (Tyzzer), 158. 

Culture on the Artic coast (Rainey), 141. 

CuMLEY, R. W., Irwin, M. R., AND COLE, 
L. J. Genic Effects on Serum Pro- 
teins, 565. 

Curves, real closed (Scherk), 181. 

CusHING, J. E., Jk. An Experiment in 
Olfactory Conditioning Drosophila 
guttifera, 496. 

Cycles, infinite (Eilenberg and MacLane), 
535. 

Cyclotomic fields (Vandiver), 77 

DANIELS, A. L. See Castle, W. E., 250. 

Datura, white-flowered race of (Avery and 
Blakeslee), 512. 

Dawson, E. Y. See Setchell, W. A., 376. 

Decapod crustaceans (Kleinholz and Bour- 
quin), 145. 

De Cicco, J. Lineal Element Transforma- 
tions Which Preserve the Dual-Iso- 
thermal Character, 409. 

De Cicco, J. See Kasner, E., 88. 

Deficiencies, notch (Demerec and Fano), 
24 


DEMEREC, M., AND FANo, U. Mechanism 
of the Origin of X-Ray Induced Notch 
Deficiencies in Drosophila Melano- 
gaster, 24. 

DempstER, E. R. Dominant vs. Reces- 
sive Lethal Mutation, 249. 

Derivatives of functions (Pélya), 216. 

Differential equations (Birkhoff), 65; 
(Weyl), 578. 

Differential, Fréchet’s (Hyers), 315. 

Drmonp, A., AND DuGGarR, B. M. Some 
Lethal Effects of Ultra-Violet Radia- 
tion on Fungus Spores, 459. 

Dirac equations (Lorenz), 317; (Rainich), 


Dirichlet’s divisor problem (Wintner), 135. 


Dirichlet-Douglas integral (Courant), 
242. 
Dispersing (cholinergic) nerve-fibres 


Parker and Rosenblueth), 198. 
Distortion, rotational and tidal (Sterne), 
3 


DoBzHANSKY, T. Discovery of a Pre- 
dicted Gene Arrangement in Droso- 
phila Azteca, 47. 

DOBZHANSKY, T., AND SPASSKY, B. Inter- 
sexes in Drosophila Pseudodbscura, 
556. 

Domains, multiply connected (Shiffman), 
137. 

Dominance in maize (Anderson and Erick- 
son), 436. 

Drosophila (Hinton and Atwood), 491. 

Drosophila Azteca (Dobzhansky), 47. 

Drosophila embryo (Sonnenblick), 484. 

Drosophila guttifera (Cushing), 496. 

Drosephila Melanogaster (Demerec and 
Fana), 24; (Lewis), 31; (Miller), 35; 
(Tatum), 193; (Brehme), 254. 


























VoL. 27, 1941 


Drosophila Micromelanica (Sturtevant 
and Novitski), 392. 
Drosophila sperm (Kaufmann), 18. 


Drosophila Pseudodbscura (Mampell), 
337; (Dobzhansky and. Spassky), 
556. 


Duccar, B. M. See Dimond, A., 459. 
Dynamics, analyticity in Wintner), 311. 


Echinoderm, development of (Child) 
523 


Eclipsing binaries (Sterne), 99, 106. 

Ecospecies, concept of Axelrod), 545. 

Epson, J. B., aNp Zwicky, F. Remarks 
on the Pegasus Cluster of Nebulae, 
366 


Egg, frog’s (Burr), 276. 
Eigenvalues of plates and membranes 
(Aronszajn and Weinstein), 188. 
EILENBERG, S., AND MacLang, S._ In- 
finite Cycles and Homologies, 535. 
EISENBUD, L., AND WIGNER, E. P. In- 
variant Forms of Interaction between 
Nuclear Particles, 281. 

Electromagnetic field (Street), 413. 

Endosperm of maize (Jones), 431. 

Enzymes in ontogenesis (Allen 
Bodine), 269. 

Equations, Dirac (Lorenz), 317; (Rain- 
ich), 355 

Equations, electromagnetic (Street), 413. 

Equations, linear functionai (Hyers), 222. 

Equilibrium configurations of fluids (Krog- 
dahl), 453. 

ERICKSON, R. O. See ANDERSON, E., 436. 

Escug, R. B. See Zechmeister, L., 528. 

Estrogens, oxidation of (Graubard and 
Pincus), 149. 

Euclidian algorithm (Rosser), 309. 

Exner, F.M. See Loria, S. E., 370. 

Extragalactic studies (Shapley), 440. 

Eye-stalk removal (Kleinholz and Bour- 
quin), 145. 


and 


FANKHAUSER, G. The Frequency of 
Polyploidy and Other Spontaneous 
Aberrations of Chromosome Number 
among Larvae of the Newt, Triturus 
Viridescens, 507. 

Fano, U. See Demerec, M., 24. 

FEKETE, E., LittLE, C. C., AND CLoupD- 
MAN, A.M. Some Effects of the Gene 
W* (Dominant Spotting) in Mice, 
114. 

Female sterility in 
(Mampell), 337. 

Females of sciara (Reynolds), 204. 

Fibre spaces (Hurewicz and Steenrod), 60. 

Field, electromagnetic (Street), 413. 

Fields, cyclotomic (Vandiver), 77. 

Fields, inseparable (Schmidt and Mac- 
Lane), 583 

Finsler spaces (Busemann), 533. 

Fixation, biological nitrogen (Wyss and 

Wilson), 162, 


interracial hybrids 


INDEX 





599 


Flour American whole wheat (Zech- 
meister and Escue), 528. 

Fluid mass (Krogdahl), 453. 

Fly (Cooper), 109. 

Form, canonical (Birkhoff and Guenther), 
21 


8. 

Forms, binary (Oldenburger), 185. 

47 Tucanae (Shapley), 440. 

Foster, A. L. Natural Systems: The 
Structure of Abstract Monotone Se- 
quences, 325. 

Foster, J. W., Carson, S. F., RUBEN, S., 
AND KaMEN, M.D. _ Radioactive 
Carbon as an Indicator of Carbon 
Dioxide Utilization. VII. The As- 
similation of Carbon Dioxide by 
Molds, 590. 

Foster, J. W. See Carson, S. F., 229, 
475. 

Fourier series (Buerger), 117. 

Fox, D. L., AND ANDERSON, L. J. 
ments from Marine Muds, 333. 

Fréchet’s differential (Hyers), 315. 

Frog’s egg, developing (Burr), 276. 

Frogs, tree (Blair), 14. 

Function-fields (Weil), 345. 

Function, Kirchhoff-Routh (Lin), 570, 
575. 


Pig- 


Functional equation (Hyers), 222. 

Functions (Pélya), 216. 

Functions, completely convex (Boas and 
Pélya), 323. 

Functions of complex variables (Berg- 
man), 328. 

Fungi, growth of (Robbins), 419. 

Fungus spores (Dimond and Duggar), 
459. 


Galactic studies (Shapley), 440. 

Gaseous configurations (Kopal), 359. 

Gene arrangement in Drosophila (Dob- 
zhansky), 47. 

Gene W?® (Fekete, Little and Cloudman), 
114. 

Genes of tomato (LeRosen, Went and 
Zechmeister), 236. 

General theory of spectra (Stone), 83. 

Genetic control (Beadle and Tatum), 499. 

Genetic linkage in the rabbit (Castle and 
Sawin), 519 

Genetically distinct Datura (Avery and 
Blakeslee), 512. 

Genic effects on serum proteins (Cumley, 
Irwin and Cole), 565. 

Geometry, conformal (Coburn), 57. 

Geometry, metric foundations of (Birk- 
hoff), 402. 

Germ cell movements (Sonnenblick), 
484. 

GeH, spectra (Tindal, Straley and Niel- 
son), 208. 

Globular cluster 47 Tucanae (Shapley), 
440 


Gonads (Sonnenblick), 484. 
GoopsPEED, T, H., AND AVERY, P. The 


600 


Twelfth Primary Trisomic Type in 
Nicotiana Sylvestris, 13. 

Gradients (Courant), 242. 

Grahamellae, in culture (Tyzzer), 158. 

Grasshopper (Carlson), 42. 

Gratings, optically reciprocal (Buerger), 
117. 


GRAUBARD, M., AND Pincus, G. The 
Oxidation of Estrogens by Pheno- 
lases, 149. 

Gravity, surface (Sterne), 93. 

GREENBERG, D.M. See Copp, D. H., 153. 

GREENLEAF, W. H. The Probable Ex- 
planation of Low Transmission Ratios 
of Certain Monosomic Types of 
Nicotiana Tabacum, 427. 

Group, locally compact (Segal), 348. 

Group ring (Segal), 348. 

Groups (Miller), 68, 212, 342, 399, 445, 
587 


Growth of fungi (Robbins), 419. 

Growth patterns in human intelligence 
(Stoddard), 551. 

Growth regulators of plants (Zimmerman), 
381 


Growth substances (Snell and Mitchell), 1. 

GRUNEBERG, H., BuRNETT, J. B., AND 
SNELL, G. D. The Origin of Jerker, 
a New Gene Mutation of the House 
Mouse, and Linkage Studies Made 
with It, 562. 

GUENTHER, P. E. See Birkhoff, G. D., 
218. 


Haptenic groups (Pauling, Campbell and 
Pressman), 125. 

HINTON, T., AND ATwoop, K. C. 
Terminal Adhesions of Salivary Gland 
Chromosomes in Drosophila, 491. 


Homologies (Eilenberg and MacLane), 
535 


Homotopy relations (Hurewicz and Steen- 
rod), 60. 

Hormones, wound (LaRue), 388. 

Human intelligence (Stoddard), 551. 

HvurEwIicz, W., AND STEENROD, N. E. 
Homotopy Relations in Fibre Spaces, 


60. 
Hydra (Zwicky), 264. 
Hydrogen (Wyss and Wilson), 162. 
Hyers, D. H. On the Stability of the 
Linear Functional Equation, 222. 
A Generalization of Fréchet’s 
Differential, 315. 


IC 418 and NGC 40 nebulae (Swings and 
Struve), 225. 

Inactivation of bacteriophages by X-rays 
(Loria and Exner), 370. 

Independence of line integrals (Artin), 


Indophenol blue (Child), 523. 
Infinite cycles (Eilenberg and MacLane), 
535 


Infra-red spectra of SiH, and GeH, 
(Tindal, Straley and Nielsen), 208. 


INDEX 





Proc. N. A. S. 


Inhibition of azotobacter by hydrogen 
(Wyss and Wilson), 162. 

Immunization, progressive (Wilson and 
Worcester), 129. 

Inseparable fields (Schmidt and Mac- 
Lane), 583. 

Integral, minimum (Bergman), 328. 

Integral, variation on Dirichlet-Douglas 
(Courant), 242. 

Integrals, line (Artin), 489. 

Integration, unified theory of (Mac- 
Neille), 71. 

Intelligence, human (Stoddard), 551. 

Interaction between nuclear particles 
(Eisenbud and Wigner), 281. 

Intersexes in Drosophila Pseudoébscura 
(Dobzhansky and Spassky), 556. 

Invariant forms (Eisenbud and Wigner), 
281. 


Invariants, conditional (Rainich), 352, 
355. 

Invariants, general (Kasner and De 
Cicco), 


Irwin, M. R. "See Cumley, R. W., 565. 
Isolating mechanisms in tree frogs (Blair), 
14 


Isothermal character (Kasner), 406; (De- 
Cicco), 409. 

Isotopes, artificial radioactive (Copp and 
Greenberg), 153. 


Jerker, a new gene mutation (Griineberg, 
Burnett and Snell), 562. 

Jones, D. F. Natural and Induced 
Changes in Chromosome Structure in 
Maize Endosperm, 431. 


KaMEN, M. D. See Carson, S. F., 475; 
Foster, J. W., 590. 

KasNeEr, E. Lineal Element Transforma- 
tions Which Preserve the Isothermal 
Characters, 406. 

Kasner, E., AND De Cicco, J. General 
Invariants of Irregular Analytic Ele- 
ments, 88. 

KAUFMANN, B. P. The Time Interval 
between X-Radiation of Sperm of 
Drosophila and Chromosome Re- 
combination, 18. 

KAVANAGH, F. See Robbins, W. J., 423. 

Kinc, H. D. See Castle, W. E., 250, 394. 

Kirchhoff-Routh function (Lin), 570, 575. 

KLEINHOLz, L. H., AND BoOURQUIN, E. 
Effects of Eye-Stalk Removal on 
Decapod Crustaceans, 145. 

KopanlI, M. See Calvin, M., 291. 

Kopat, Z. The Form of Gaseous Con- 
figurations Rotating with Non-Uni- 
form Angular Velocity, 359. 

KrocpaHL, W. Distorted Equilibrium 
Configurations of a Perfect Compres- 
sible Fluid Mass, 453. 


Lactic acid bacteria (Snell and Mitchell), 


1. 
LaRugz, C. D. The Effects of Wounding 




















Vo-. 27, 1941 


and Wound Hormones on Root 
Formation, 388 
Larva of Drosophila Melanogaster 


~ (Brehme), 254. 

Larvae of Newt (Fankhauser), 507. 
LASALLE, J. P. Topology Baséd upon the 
Concept of a Pseudo-Norm, 448. 
LERosEN, A. L., WENT, F. W., AND 
ZECHMEISTER, L. Relation between 
Genes and Carotenoids of the Tomato, 

236. 

LERoseEnN, A. L. 
468. 

Lethol effects of ultra-violet radiation 
(Dimond and Duggar), 459. 

Lethal mutation (Dempster), 249. 

Lewis, E. B. Another Case of Unequal 
Crossing-Over in Drosophila Melano- 
gaster, 31. 

Lin, C. C. On the Motion of Vortices in 
Two Dimensions. I. Existence of 
the Kirchhoff-Routh Function, 570. 

On the Motion of Vortices in Two 

Dimensions. II. Some Further In- 
vestigations on the Kirchhoff-Routh 
Function, 575. 

Line integrals, independence of (Artin), 
489. 


See Zechmeister, L., 


Lineal element transformations (Kasner), 
406; (De Cicco), 409. 

Linear difference equations (Birkhoff), 65. 

Linear g-difference system (Birkhoff and 
Guenther), 218. 

Linkage in rabbit (Castle and Sawin), 519. 

Linkage in the rat (Castle, King and 
Daniels), 250; (Castle and King), 
394. 

Linkage studies with Jerker (Griineberg, 
Burnett and Snell), 562. 

LitTLE, C. C. See Fekete, E., 114. 

Long-period variables (Shapley), 440. 

Lorenz, E. N. A Generalization of the 
Dirac Equations, 317. 

Loria, S. E., AND Exner, F. M. The 
Inactivation of Bacteriophages by 
X-Rays—Influence of the Medium, 
370. 

Lycopene (Zechmeister, LeRosen, Went 
and Pauling), 468. 


MacLaneE, S. See Eilenberg, S., 535; 
Schmidt, F. K., 583. 

MacNee, H. M. A Unified Theory of 
Integration, 71. 

Maize endosperm (Jones), 431. 

Maize, North American (Anderson and 
Erickson), 436. 

MAmMPELL, K. Female Sterility in Inter- 
racial Hybrids of Drosophila Pseudo- 
obscura, 337. 

Mapping, conformal (Shiffman), 137. 

Marine muds (Fox and Anderson), 333. 

Measles, contact with — and Wor- 
cester), 7 





INDEX 





601 


Melanophores in catfish (Parker and 
Rosenblueth), 198. 
Melophagus Ovinus L. (Pupipara, Hippo- 
bosicidae), 109. 
Membranes (Aronszajn and Weinstein), 
188. 
Metabolism, mineral (Copp and Green- 
berg), 153. 
Metric conditions (Busemann), 533. 
Metric foundations of geometry (Birk- 
hoff), 402. 
Mice (Fekete, Little and Cloudman), 114. 
Miter, A. Position of Adult Testes in 
Drosophila Melanogaster Meigen, 35. 
Miier, G. A. Maximal Subgroups of a 
Given Group, 68. 
Maximal Subgroups of a Finite 
Group, 212. 
Groups Containing Maximal Sub- 
groups of Prime Order, 342. 
Maximal Subgroups Whose Order 
Are Divisible by Two or Three, 399. 
Groups Containing a Maximal 
Proper Subgroup of order 4, 445. 
Maximal Invariant Proper Sub- 
groups of a Finite Group, 587. 
Mineral metabolism (Copp and Green- 
berg), 153. 
Minimal number problem (Oldenburger), 


Minimal surfaces (Courant), 51. 

Minimum integral (Bergman), 328. 

MITCHELL, H. K. See Snell, E. E., 1. 

Mite (Cooper), 480. 

Mitosis, course of (Cooper), 480. 

Molds (Foster, Carson, Ruben and 
Kamen), 590. 

Monosomic types of Nicotiana Tabacum 
(Greenleaf), 427. 

Mouse, house (Griineberg, Burnett and 
Snell), 562. 

Muds, marine (Fox and Anderson), 333. 

Multiply connected domains (Shiffman), 
137. 

Mutation, dominant and recessive lethal 
(Dempster), 249. 

Mutation, gene (Griineberg, Burnett and 
Snell), 562 

Mutations, color (Brehme), 254. 


Natural systems (Foster), 325. 

Nebulae, cluster of (Zwicky), 264, 366. 

Nebulae, planetary (Swings and Struve), 
225. 

Nerve-fibres (Parker and Rosenblueth), 
198. 


Neuroblast chromosomes (Carlson), 42. 

Neurospora, biochemical reactions in 
(Beadle and Tatum), 499. 

Newt (Fankhauser), 507. 

Nicotiana Sylvestris (Goodspeed and 
Avery), 13. 

Nicotiana Tabacum (Greenleaf), 427. 

NIELSEN, H.H. See Tindal, C. H., 208. 

Nitrogen fixation (Wyss and Wilson), 162. 


602 


North American maize (Anderson and 
Erickson), 436. 
Novitsk1, E. See Sturtevant, A. H., 392. 
Nuclear particles (Eisenbud and Wigner), 
281 


Nuclei, nebular (Swings and Struve), 225. 


OLDENBURGER, R. The Minimal Number 
Problem of Binary Forms, 185. 

Olfactory conditioning (Cushing), 496. 

Ontogenisis, enzymes in (Allen and 
Bodine), 269. 

Optically reciprocal gratings (Buerger), 
ay. 


Oxidation of estrogens by phenolases 
(Graubard and Pincus), 149. 


Paleobotany, tertiary (Axelrod), 545. 

Parker, G. A., AND ROSENBLUETH, A. 
The Electric Stimulation of the Con- 
centrating (Adrenergic) and the Dis- 
persing (Cholinergic) Nerve-Fibres of 
the Melanophores in the Catfish, 198. 

PAULING, L., CAMPBELL, D. H., AND 
PRESSMAN, D._ Serological Reac- 
tions with Simple Substances Contain- 
ing Two or More Haptenic Groups, 
125. 

PavuLinG, L. See Zechmeister, L., 468. 

Pediculopsis Graminum (Reut.), (Cooper), 
480 


Pegasus cluster of nebulae (Edson and 
‘Zwicky), 366. 

Phenolases (Graubard and Pincus), 149. 

Phycomyces, thiazole effect on (Robbins 
and Kavanagh), 423. 

Pigments from muds (Fox and Anderson), 


Pincus, G. See Graubard, M., 149. 

Planetary nebulae (Swings and Struve), 
225. 

Plants, growth regulators of (Zimmerman), 
381 


Plates (Aronszajn and Weinstein), 188. 

Pértya, G. On Functions Whose Deriva- 
tives Do Not Vanish in a Given 
Interval, 216. 

Poétya, G. See Boas, Jr., 323. 

Polyploidy, frequency of (Fankhauser), 
507. 

PRESSMAN, D. See Pauling, L., 125. 

Progressive immunization (Wilson and 
Worcester), 129. 

Projective m-space (Scherk), 181. 

Prolycopene (Zechmeister, LeRosen, Went 
and Pauling), 468. 

Propionic acid bacteria (Carson, Foster, 
Ruben and Barker), 229. 

Proteins, serum (Cumley, Irwin and Cole), 
565. 


Protyrosinase, activation of (Allen and 
Bodine), 269. 

Provitamin A in flour (Zechmeister and 
Escue), 528. 

Pseudo-norm (LaSalle), 448. 


INDEX 





Proc. N. A. S. 


Purine and pyramidine bases (Snell and 
Mitchell), 1. 
Pyridine analog of thiamin (Robbins), 


Rabbit, linkages in (Castle and Sawin), 
519 


Radiation, ultra-violet (Dimond and Dug- 
gar), 459. 

Radioactive carbon (Carson, 
Ruben and Barker), 229; (Carson, 
Ruben, Kamen and Foster), 475; 
(Foster, Carson, Ruben and Kamen), 
590. 

RaIney, F. A New Form of Culture on 
the Arctic Coast, 141. 

Rarnicu, G. Y. Conditional Invariants, 

352. 

The Dirac Equations and Condi- 

tional Invariants, 355. 

Rat, linkage in (Castle, King and Daniels), 
250; (Castle and King), 394. 

Recombination, chromosome (Kaufmann), 
18 


Foster, 


Relatively non-alternating transforma- 
tions (Wallace), 182. 

REYNOLDS, J. P. X-Ray Induced Chro- 
mosomes Rearrangements in the 
Females of Sciara, 204. 

Riboflavin in tissues (Van Duyne and 
Sherman) 289. 

Riemann hypothesis (Weil), 345. 

Ring, group (Segal), 348. 

Rossins, W. J. The Pyridine Analog of 
Thiamin and the Growth of Fungi, 
419. 


Ropsins, W. J., AND KAVANAGH, F. 
Thiazole Effect on Phycomyces, 423. 
Rodents, small (Tyzzer), 158. 
Root formation (LaRue), 388. 
ROSENBLUETH, A. See Parker, G. H., 198. 
Rosser, B. A Generalization of the 
Euclidian Algorithm to Several Di- 
mensions, 309 
Rotation of gaseous 
(Kopal) 359. 
RuBEN, S. See Carson, S. F., 229, 475; 
Foster, J. W., 590. 


configurations 


Salivary gland chromosomes (Calvin and 
Kodani), 291; (Hinton and Atwood) 
491. 


SawIn, P. B. See Castle, W. E., 519. 

ScHEerRK, P. On Real Closed Curves of 
Order n + 1 in Projective n-Space, 
181. 

ScumipT, F. K., anD MacLanez, S. The 
Generation of Inseparable Fields, 


583. 
Sciara females (Reynolds), 204. 
SEGAL, I. E. The Group Ring of a Locally 
Compact Group. I, 348. 
Sequences, abstract monotone (Foster), 
25 


Series, Fourier (Buerger), 117. 




















VoL. 27, 1941 


Serological reactions (Pauling, Campbell 
and Pressman), 125. 

Serum proteins (Cumley, Irwin and Cole), 
565 


SETCHELL, W. A., AND Dawson, E. Y. 
Binghamia, the Alga, versus Bing- 
hamia, the Cactus, 376. 

Sex differentiation (Sonnenblick), 484. 

SHapLey, H. Galactic and Extragalactic 
Studies. XII. The Giant Globular 
Cluster 47 Tucanae and Its Long- 
Period Variables, 440. 

SHERMAN, H. C. See Van Duyne, F. O., 
289. 

SHIFFMAN, M. Uniqueness Theorems for 
Conformal Mapping of Miultiply 
Connected Domains, 137. 

SiH, spectra (Tindal, Straley and Nielsen), 
208. 

Smitu, R. E. The Spermataphores of 
Triturus Torosus and Triturus Rivu- 
laris, 261. 

SNELL, E. E., AND MITCHELL, H. K. 
Purine and Pyrimidine Bases as 
Growth Substances for Lactic Acid 
Bacteria, 1. 

SNELL, G. D. See Griineberg, H., 562. 

Sodium alkyl sulfates (Allen and Bodine), 
269 


69. 
Solutions, solid (Bowen), 301. 
SONNENBLICK, B. P. Germ Cell Move- 
ments and Sex Differentiation of the 
Gonads in the Drosophila Embryo, 
484. 
Spaces, fibre (Hurewicz and Steenrod), 60. 
Spaces, real linear topological (Bourgin), 
539 


Spaces, " symmetric Finsler (Busemann), 
533 


Spassky, B. See Dobzhansky, T., 556. 

Spectra, general theory of (Stone), 83. 

Spectra, infra-red (Tindal, Straley and 
Nielsen), 208. 

Spectroscopic binaries (Sterne), 168, 175. 

Sperm of Drosophila (Kaufmann), 18. 

Spermataphores (Smith), 261. 

Spindle fibres (Cooper), 480. 

Spores, fungus (Dimond and Duggar), 
459. 


Spotting, dominant (Fekete, Little and 
Cloudman), 114. 

Stability of linear functional equation 
(Hyers), 222. 

Seay eee (Sterne), 938, 99, 106, 168, 
175. 


STEENROD, N. E. See Hurewicz, W., 60. 

Stereoisomer, naturally occurring (Zech- 
meister, LeRosen, Went and Pauling), 
468. 

Sterility, female (Mampell), 337. 

Sterility in crosses (Sturtevant 
Novitski), 392. 

STERNE, T. E. Notes on Binary Stars. I. 

On the Surface Gravity of a Rota- 


and 


INDEX 


603 


tionally and Tidally Distorted Star, 
93. 
——. Notes on Binary Stars. II. On 
the Light of Eclipsing Binaries out of 
Eclipse, 99. 

Notes on Binary Stars. III. The 
Ellipticity Effect in Eccentric Eclips- 
ing Binaries, 106. 

Notes on Binary Stars. IV. A 
Source of Spurious Eccentricity in 
Spectroscopic Binaries, 168. 

Notes on Binary Stars. V. The 
Determination by Least-Squares of 
the Elements of Spectroscopic Bi- 
naries, 175. 

Stimulation, electric (Parker and Rosen- 
blueth), 198. 

Stopparp, G. D. Patterns of Growth in 
Human Intelligence, 551. 

Stone, M. H. A. A General Theory of 
Spectra. II, 83. 

STRALEY, J. W. See Tindal, C. H., 208. 

STREET, R. E. Non-Linear Equations of 
the Electromagnetic Field, 413. 

Structure, bivalent (Cooper), 109. 

Structure of sequences (Foster), 325. 

StruvE, O. See Swings, P., 225. 

STURTEVANT, A. H., AND NoviTskI, E. 
Sterility in Crosses of Geographical 
Races of Drosophila Micromelanica, 
392. 

Subgroups (Miller), 212, 342, 399, 445, 
587. 


Surface gravity (Sterne), 93. 

Surfaces, unstable minimal (Courant), 51. 

SwIincs, P., AND STRUVE, O. Two Inter- 
esting Nuclei of Planetary Nebulae: 
IC 418 and NGC 40, 225. 

System, linear g-difference (Birkhoff and 
Guenther), 218. 

Systems, natural (Foster), 325. 


Tatum, E.L. Vitamin B Requirements of 
Drosophila Melanogaster, 193. 

Tatum, E. L. See Beadle, G. W., 499. 

Tertiary paleobotany (Axelrod), 545. 

Testes, position of adult (Miller), 35. 

Thiamin, pyridine analog of (Robbins), 
419. 


Thiazole effect on phycomyces (Robbins 
and Kavanagh), 423. 

Time interval between X-radiation (Kauf- 
mann), 18. 

TINDAL, C. H., STRALEY, J. W., AND 
NieELseN, H. H. The Infra-Red 
Spectra of SiH, and GeHy, 208. 

Tissues, riboflavin in (Van Duyne and 
Sherman), 289. 

Tomato (LeRosen, Went and Zech- 
meister), 236. 

Topological spaces (Bourgin), 439. 

Topology (LaSalle), 448. 

Transformations, lineal element (Kasner), 
406; (De Cicco), 409. 





604 


Transformations, relatively non-alternat- 
ing (Wallace), 182. 

Transmission ratios (Greenleaf), 427. 

Tree frogs (Blair), 14. 

Trisomic type (Goodspeed and Avery), 13. 

Triturus (Smith), 261; (Franklauser), 
507. 

Tyzzer, E. E. The Isolation of Culture 
of Grahamellae from Various Species 
of Small Rodents, 158. 


Ultra-violet radiation (Dimond and Dug- 
gar), 459. 

Unified theory of Eigenvalues (Aronszajn 
and Weinstein), 188. 


VANDIVER, H.S. On Improperly Irregular 
Cyclotomic Fields, 77. 

Van Duyne, F. O., AND SHERMAN, H. C. 
Riboflavin Contents of Tissues as 
Stabilized in the Adult at Liberal 
Levels of Intake, 289. 

Variables, long-period (Shapley), 440. 

Vitamin B (Tatum), 193. 


Vortices, two dimensional (Lin), 570, 575. 


Concerning Relatively 
Transformations, 


Wa ace, A. D. 
Non-Alternating 
182. 

Wei, A. On the Riemann Hypothesis in 
kunction-Fields, 345. 

WEINSTEIN, A. See Aronszajn, N., 188. 

Went, F. W. See LeRosen, A. L., 236; 
Zechmeister, L., 468. 

Wey, H. Concerning the Differential 
Equations of Some Boundary Layer 
Problems, 578. 

WIGNER, E. P. See Eisenbud, L., 281. 

Witson, E. B., AND WoRCESTER, J. Con- 
tact with Measles, 7. 


INDEX 


Proc. N. A. S. 


——. Progressive Immunization, 129. 
Wison, P. W. See Wyss, O., 162. 
WINTNER, A. On _ Dirichlet’s 
Problem, 135. 
On the Problem of Analyticity in 
Dynamics, 311. 
WorCESTER, J. See Wilson, E. B., 7, 129. 
Wound hormones (LaRue), 388. 
Wyss, O., AND WILSON, P. W. Mecha- 
nism of Biological Nitrogen Fixation. 
VI. Inhibition of Azotobacter by 
Hydrogen, 162. 


Divisor 


X-radiation of bacteriophages (Loria and 
Exner), 370. 

X-radiation of Drosophila (Kaufmann), 
18; (Demerec and Fano), 24. 

X-radiation of grasshopper (Carlson), 42. 

X-radiation of Sciara (Reynolds), 204. 


ZECHMEISTER, L., LEROSEN, A. L., WENT, 
F. W., AND PAuLInG, L. Prolycopene, 
a Naturally Occurring Stereoisomer of 
Lycopene, 468. 

ZECHMEISTER, L., AND EScuE, R. B. The 
Provitamin A Content of American 
Whole Wheat Flour and Whole 
Wheat Bread, 528. 

ZECHMEISTER, L. See LeRosen, A. L., 
236. 

ZIMMERMAN, P. W. Growth Regulators 
of Plants and Formative Effects In- 
duced with B-Naphthoxy Compounds, 
381. 

Zwicky, F. On a Cluster of Nebulae in 
Hydra, 264. 

Zwicky, F. See Edson, J. B., 366. 








